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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some Regular Contributors Include: 
Tom Marcellino (W3BYM), Gary Halverson (K6GLH), David Ishmael 
(WA6VVL), Joe Long (WA2EJT), Jeff Covelli (WA8SAJ), Mike Bittner 
(W6MAB), D.S. “Jeep” Platt (K3HVG), Mike Murphy (WU2D), Larry 
Will (W3LW), George Misic (KE8RN), Dave Gordon-Smith (G3UUR), — 
Pat Griffin (AA4PG), Phil Legate (ACQOB) 


@ 
Editor's Comments 
Chuck Felton’s “R-390F” Conversions 
It’s not known exactly how many R-390F 
receivers were made by Chuck Felton (KD@ZS, 
SK) during the years he sold them, but it was likely | 
not more than 25. I remember when Chuck called . le is | 


to let me know that he’d found a storage locker in Zag 

New Mexico that had over 30 surplused R-390As 

from many different contract dates. He has purchased the entire lot but was having 
trouble figuring out how to get them from New Mexico to his home in Wheatland, 
Wyoming. Eventually, he did get them all shipped home and they became the basis 
of his restoration and modification work. Anyone having one of his modified “R- 
390F” receivers is quite lucky. Although Chuck had his own methods to express 
receiver dynamic range, and didn’t believe in the IP3 specification because it’s a 
value that can’t be directly measured, I was able to use one at a local hamfest and 
they did everything Chuck claimed. It was nearly impossible to overload and 
sounded great. In Paolo Viappiani’s article this month, Paolo provided 10 pages of 
Chuck Felton’s valuable hand written cursive notes and drawings that detail all of 
his modifications and upgrades to the R-390A. Unfortunately, due to the size of the 
notes, and because they are handwritten sketches, they won’t reproduce very well 
here, and are not included of this article. I will be offering them in a6 Mb ZIP file 
that will be available by email request. Eventually, they will also be a download file 
from the newly revised ER web site, www.ERmag.com. 


73, Keep Those Filaments Lit! Ray, NODMS 
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en ey abs (W6TOMA) paid a visit to Mere oe (WA7YBS) 
Sunday, June 6, 2019 and the cover shows Henry’ s latest restoration in Prepress, 


wag a arare Medd. RAA-3 see Receiver ¢ circa 1935. 
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The Hallicrafters SX-62 SWL Receiver 


By George Misic, KE8RN The Hallicrafters SX-62 Lacks 
1936 Duncan Avenue Bandspread Tuning 

Allison Park, PA 15101 The SX-62 was unique in that it had 
ke8rn@comcast.net no bandspread tuning, which the SX-42 


did have for the 80/75, 40, 20, 10, and 6 

The Hallicrafters SX-62 receiver was a meter amateur radio bands. The SX-62 
design based upon the earlier first post- did have main tuning system with a 60:1 
WWII receiver design, the SX-42. The mechanical drive ratio to make fine tuning 
SX-42 and SX-62 both employed three _ practical. Both the SX-42 and SX-62 will 
styles of tubes; they both had 7 pin receive FM stations with up to a 75 kHz 
miniature tubes like the GAGS, octal FM deviation allowing them to hear FM 
tubes like the 6V6 and 6SK7, and loctal broadcast stations from 88 to 108 MHz. 
tubes like the 7F8. Loctal tubes were Since the SX-62 uses the 150 kHz wide 


much less common than miniature or 10.7 MHz IF on six meters, it is NOT a 
octal tubes; I believe they were initially — hot performer on the six meter band due 
intended for automotive use. Loctal tube — to the wide IF bandwidth. The SX-62 
bases sort of lock into the socket, making —_ has no spread-out tuning on any ham 
their security in the socket better than _ radio or shortwave listening (SWL) bands 


miniature or octal tubes. as the SX-42 had. 
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Figure 1: The SX-62 was introduced in 1949 as the SWL version of the classic SX- 
42. Designed for good quality audio, it included a 2-tube FM discriminator circuit 
because it was thought that much broadcasting would be in EM in the near future. 
The only offered accessories were several speakers. One frequent problem is 
disintegration of the dial lettering on some examples of the SX-62. 
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Audio Circuitry of the SX-62 

Both the SX-42 and SX-62 both 
featured dual push-pull 6V6 tubes for 
high quality and powerful audio to 
support the reception of quality FM radio 
broadcasts. Both receivers featured an 
input for a phono turntable to use the 
push-pull 6V6 tubes for additional audio 
listening uses. The SX-62 offered only 
500 and 5000 ohm audio output 
connections, probably in the hope the 
owner would buy a Hallicrafters speaker 
with a 500 or 5000 ohm input such as the 
PM-23, R-42, or R-44. The SX-62 does 
not have an output for a 3.2, 4, or 8 ohm 
speaker like is more commonly used, but 
the later SX-62B versions of the receiver 
did have the low impedance speaker 
outputs. The SX-62 only accepts high 


impedance magnetic or crystal 


headphones, not the more common low 
impedance headphones commonly used 
now. The headphone output is driven by 
the octal 6SL7 dual triode voltage 
amplifier that drives the 6V6 audio output 
tubes also using the second triode of the 
6SL7 to invert the phase of the audio to 
drive the second 6V6 output tube. One 
6V6 is driven by the 6SL7 voltage 
amplifier; it also drives the second half of 
the 6SL7 which is a phase inverter with 
net unity gain due to resistive voltage 
dividers. 
The 10.7 MHz and 455 kHz IF 
Circuitry 

ihbewoX-02 uses: a TOW, aMHz 
intermediate frequency (IF) on the two 
highest bands (27-56 MHz and 54-109 
MHz) for FM reception. The four lower 
frequency bands (550 kHz-1620 kHz, 
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1.62 MHz-4.9 MHz, 4.9 MHz-15.0 
MHz, 15.0 MHz-32.0 MHz) use a 455 
kHz IF with a single crystal filter. 

The crystal filter only affects the 455 
kHz IF and not the 10.7 MHz IF. The 
selectivity switch has six positions, a 
BROAD, MEDIUM, and SHARP 
selections with the single crystal filter out 
of the circuit, and BROAD, MEDIUM, 
and SHARP with the crystal filter in the 
circuit (only affecting the 455 kHz IF). 
The SX-62 claims it will receive AM and 
CW on all bands and additionally FM on 


Figure 3: The wiring under the SX-62 chassis is compact, but not too difficult to 


the two top bands, 27-56 MHz and 54- 
109 MHz. 

The IF transformers are quite unique; 
they have both a 10.7 MHz and 455 kHz 
primary and secondary that allows them 
to operate for both IF frequencies 
simultaneously without involved 


switching. The first two IF transformers 
have connections for the selectivity 
switch; the first IF transformer also has 
provisions for the single-crystal filter. 
The BFO for CW Reception 
The beat frequency oscillator (BFO) 


= 


service. This one has most of the original paper caps still evident. Leaky paper caps 
can lead to poor FM performance. Although the manual’s FM alignment instructions 
are accurate and typical for its era, with much more modern IF alignment 
equipment, the standard swept-IF technique using a sweep generator and a 10.7 
marker capability would make the alignment quicker, simpler, and a lot more 
accurate. 
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Figure 4: In ER numbers 108 (April 1998) and 109 (May 1998), Jim Riff (K7SC) 


wrote a nice article about the SX-62 that was installed at President Kennedy’s 
request on the DC-7B Air Force One plane that he used when the larger C-137B was 
too large for a landing. The Secret Service purchased the SX-62 from a Manhattan 
radio store. The buttons to the right lead to classified communications equipment 
that has since been removed from the display plane that was in Arizona during 1998. 


operates at both 455 kHz and 10.7 MHz 
as the CW mode works with either IF 
frequency in use. The BFO is only useful 
on six and ten meters plus on the 11 
meter CB band for CW and SSB use; 10 
meters and the CB 11 meter band can be 
received on band 4 using the 455 kHz IF 
or band 5 using the 10.7 MHz IF. I don’t 
know how well SSB can be received on 6 
meters on the SX-62; I am quite sure it is 
a real challenge. The alignment 
instructions list adjustment slug S-8 to 
adjust for a zero beat at 455 kHz and 
while using the 10.7 MHz IF, it instructs 
you to tune “slugs” S-17 for zero beat; 
the plural on slug S-17 is from the SX-76 
instruction manual. I cannot find either 
S-8 or S-17 tuning slugs shown in the 
schematic diagram. 
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The Hallicrafters SX-62 has no 
S-Meter; the SX-62B has no 
battery-power socket. 

The SX-62 family does not have an S- 
Meter to indicate signal strength. It also 
does not have a product detector for 
aiding reception of SSB or CW. The 
instruction manual for the SX-62 that 
was produced from 1949 to 1953 does 
not ever mention SSB, which was a new 
and fairly rare mode in 1953. The receiver 
was produced in two later models, the 
SX-62A and the SX-62B; the SX-62B 
was produced until 1965. The SX-62B 
manual still never mentions SSB signals, 
but by the late-1960s, the majority of 
amateur radio operation was on SSB. 

The SX-62B lost the rear panel octal 
socket that provided for battery or DC- 
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vibrapack power input. I doubt that very 
many SX-62s were powered via DC input 
power in some form, so Hallicrafters 
could delete this power socket without 
losing many sales by deleting the input. 
The SX-62B added an RCA phono jack 
where the DC power socket was for a 
multiplex connector so an FM stereo 
output from the multiplexer could be 
obtained; I also doubt that this was done 
very often. 
Summary of the SX-62 and SX-62B 

The SX-62 is a very unique receiver 
that has many odd design ideas for a 
general coverage receiver. 

The configuration on the early SX-62 
version with only 500 and 5000 ohm 
audio outputs for a speaker appears to be 
a means to sell more Hallicrafters speakers 
that accept the 500 or 5000 ohm 
impedance level. 

The headphone output probably 
worked well with headphones in common 
use by radio amateurs and SWLs when 
the receivers were new, as at that time, 
most amateurs owned high impedance 
phones. 

The coverage of six meters with only 
an IF bandwidth of 150 kHz very 
substantially limits the performance on 
six meter AM and CW;; six meter SSB 
and CW are probably a lost cause. 


The loss of the DC input socket 
probably inconveniences very few if any 
users of the receiver. 

The overall sacrifices in the receiver 
performance to add FM broadcast radio 
reception made the receiver quite 
frustrating to use, especially on six meters 
and also with 10 meters and the CB band 
when using band five instead of band 
four to receive 26.9 to 29.7 MHz. 


Editor’s Notes: 

Chuck Dachis notes in his Hallicrafters 
book that except for the SX-62B wit low 
audio output impedance, the only real 
difference between the various other SX- 
62 models are slight changes to the knob 
styles, there is no electrical difference. 
He also mentions production stopped 
during 1955. 

Previous ER articles about the SX-62 
are in: 

Jim Riff, K7SC, Electric Radio numbers 
108 and 108, 

Larry Will, W3LW, Electric Radio 
#180, May 2004, a comprehensive 
restoration article. 


LAR 


= a csi ‘ 
SX-62—$269.50  « 


the hallicrafters co. 


4401 W. Fifth Ave., Chicago 24, tl. 


BEFORE YOU BUY—or let an SWL friend 
buy—see and try the SX-62. There is no 
other set in the world like it. None with 
- such frequency range—540 ke to 110 Me, 
such ease of tuning—over 150 stations 
marked on the dial, or such flexibility of 
control. Truly, a radio that is all radio! 
Other features include temperature com- 
pensated oscillator with voltage regulator, 
two RF and 3 IF stages, 14 tubes plus 
rectifier and regulator. 
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The Unsurpassed R-390F Receiver 
(A Tribute to Chuck Felton, KDOZS, SK) 


By Paolo.Viappiani 
Via Magenta 32 
54033 Carrara, Italy 
pviappiani@tin.it 


I was very impressed and sorry after | 
heard about the death of Chuck Felton, 
KD@ZS, who has always been a close 
friend of mine: we corresponded very 
frequently in 2003-2004 and he sent me 
copies of all his notes, sketches and 
drawings about his so called “R-390F” (F 
stands for Felton), a highly-modified and 
improved R-390A by him. 

Chuck Felton was a very good and 
renowned electronic technician and he 
spent 
implementing improvements to a number 


much time planning and 
of stock radios (receivers and also 
transmitters), but for sure most of his 
precious work was devoted to the make 
the R-390A receiver even better. 

The different approaches to the 
restoration of great old radios are 
substantially three: a bare restoration/ 
alignment without any modification, a 
restoration including small circuit changes 
with minimum impact and a full rework 
including changes and mods; Chuck chose 
the third way in order to get always the 
best possible performances, and in doing 
so he had a great success. 

He was also a major contributor to 
Electric Radio magazine and wrote a lot of 
articles, whose complete list can be found 
using the Electric Radio back-issue index 
(www.ERmag.com) while his articles 
concerning the R-390A are quoted in 
reference 2. But for sure, the R-390F 
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radio remains the Chuck’s masterpiece. 

About fifteen years ago, both myself 
and my friend Feliciano Munari 
(IZDAN), of Fontaniva, Padova Italy 
purchased two R-390Fs and we still own 
and use them, really the hottest R-390As 
we ever saw. 

I would like to give a tribute to Chuck 
and this is the reason for an article 
concerning the design of his R-390F 
receiver, also to provide some of his 
original handwritten notes. 

It is worth while to say first that the R- 
390As provided with all the Chuck 
designed mods were called “Red-Knob” 
(the name derives from a special dual 
concentric knob installed on their front 
panels, look at figures 1 and 2); my unit 
includes also an optional “VLF mod” 
(described later) that allows radio 
reception from a few kHz up to 30 Mc. 

Here is a summarized list of the main 
modifications and additions performed 
by Chuck on the R-390A: 

Audio Modifications 

e A new Hi-Fi Class-A audio circuit 
and 2W output transformer was installed 
on the AF subchassis. 

The schematic diagram from Chuck's 
notebook of this mod is available in the 
email file as figure 3. Substantially, a 
6AQ5 using negative feedback replaces 
the GAKG6 and a new output transformer 
(Freed #MGA-6, shown in figure 4) is 
employed; the new circuit allows a Class- 
A 2W/8-ohm hi-fi audio output with 
very low distortion and a frequency 
response of 50 Hz to 10 kHz at -3 dB 


down. 
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It’s worth to say here 
that also the R-390A 
line audio stage was 
subject to some useful 
improvements by 
Chuck. 

¢ Three new audio 


filters had been added 


to the receiver; they are 


selected by a new four- 
position audio 


response switch on the 


L ae _ii ~ 
Figure 2: Here is the detail of the “Red Knob” concentric 
control (left) and of the coaxial pot behind the front panel.. 


front panel that 
replaces the original 
and is housed into a 


metal box for shielding 
purposes, see figures 5 
and 6. 

The audio filters are 
built into a black box 
fastened on the AF 
subchassis top (figure 
7a 

The four positions 
of the audio response 
switch correspond to 
the following 
conditions: 


1B kid lat: No filter > Figure 4: The new output transformer is fastened on top of 
only a jumper is the audio subchassis at an angle. 


selected; 

2) Wide (low-pass): a 3.6 kHz low- 
pass filter provided with a 5 kHz notch 
filter is selected, this is intended for a 
clear SW broadcast listening; 

3) Sharp (Voice): a 260 Hz - 2,700 Hz 
band-pass filters is inserted, it can pick 


the voice out of a noisy signal; 

4) CW (Tone): a 740-990 Hz band- 
pass filter is selected. 

Original schematics by Chuck 


concerning his audio filters are offered 


Figure 5: The Four-Position Audio 
Response Switch 
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by email as figures 8 and 9. 


¢ Acarrier-operated 
squelch 
(controlled by the 


additional red knob of 
the front panel) and a 


circuit 


new shunt limiter 
(threshold controlled 
by the outer black 
knob) were added, 
look at figure 2. 

RF Stage Mods 

¢ The original RF 
amp stage was replaced 
by a new one using a 
6BZ6 tube and with 
Bipasha t e*end 
performances of at 
least -145 dBm at 350 
Hz IF BW (0.012 pV/ 
50 ohm) sensitivity 
and great undistorted 
larg @- sign a | 
performances (+4 
dBm -1V PEP at 50 
ohms allowed at the 
antenna socket. 


IF Mods 
e The 16 ke 


mechanical filter was 
removed and replaced by a linear-phase 
L-C filter, look at figure 12; furthermore, 
three new 8-pole crystal filters were added 
in series to the existing selectivity circuits. 
They are located in a metal box added 
onto the IF subchassis, see figure 13. 
Detector and AGC Mods 

e The linear diode detector was retained 
and supplied with more adequate 
injection voltages; in addition, Chuck 
designed and built a new whole AGC 
system provided with a better distribution 
of time constants. This new design offers 
symmetrical rise and fall on AM and a 
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Figure 7: The black box containing the audio filters is 
mounted on the top of the audio subchassis. 


< 


very fast rise with selected decay on CW/ 
SSB. (Figures 15, 16 and 17 will show 
some of Chuck’s original notes on these 
circuits, available by email only.) 
VLF Mods 

¢ This modification was only optional; 
it extended the R-390F coverage towards 
the VLF range and involved some 
mechanical modifications and additions 
to one of the slug-racks of the RF gear 
train (a clip, a spring, a micro-switch, 
etc.), see figure 18. Furthermore, a 
dedicated BNC VLF input connector 


was added on the rear panel of the receiver. 
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I also remember that 
Chuck presented me 
with his prototype of 
VLF  preamplifier/ 
LPF, it was a single- 
tube circuit assembled 
into a small military 
die-cast box and 
requiring an external 
supply; now it is 
somewhere in my 
shack and I am no 
longer able to find it, 
Pll doa more in-depth 
research soon. 

In addition to the oe a 
above mentioned § oe be 7 
changes, the R-390F ) 
was optionally 
supplied with a 
matched Eminence 
12" wide-band hi-fi 
speaker that Chuck 


mounted in a ported 


Figure 12: A 16 kHz L-C filter replaces the mechanical filter 
for Hi-Fi AM performance, mounted on a circuit board. 


plywood enclosure. 

The R-390F allows 
exceptionally high 
performances, still 
unobtainable using 
current solid-state 
devices or SDR/DSP 
“black-boxes,” and for 
sure it remains one of 
my favorite receivers. 

It’s also worth to say 
that the R-390F 
receiver was made to a | _ 2-8 — 
order only and that, as Figure 13: The metal box housing the new 8-pole crystal 
farasI know, nomore filters is on the IF subchassis at the upper left side. 


than 20-25 complete units had been rare item consequently. 

produced by Chuck, who also used to In the upper part of figure 20 is shown 
work on existing stock sets that customers __ the simple “R-390F” tag that Chuck was 
sent him; the R-390F has now becomea ___ used to apply on the front panel of his 
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radios (I had the more 
complete “R-390F/ 
RK” prepared to give 
him a copy, look at 
the bottom of the 
figure -, but over time 
I forgot to send, so 
Chuck never saw my 
complimentary tag 
(4)). 

Rest in peace, my 
friend Chuck; for sure 
next time we meet 
well continue 
discussing how to 
further improve the 
performance of our 
beloved radios. 


References: 


(1): https://www.ermag.com/index/ 
index.cfm?action=browse 


ee ed 


Figure 18: This picture shows the clip and the spring added 
to a slug rack of the gear train for VLF operation. 


R-390A PTO Adjustment Tool, ER 
#289, June 2013, p. 36. 


(3): http://feltondesign.com/ is not 
longer active as of July 2019. 


(2): Cheaper _and Sim: ler Upgrades (4): Please notice that the Chuck’s 
for the R-390A HF Receiver, ER #183, address I put in the R-390F/RK label is 


Aug. 2004, p. 7; Oh No! It's a Cosmos still the one of Wheatland, WY; some 


PTO!, ER #278, July 2012, p 38; Cosmos 


years later he moved to Cheyenne, WY. 


ee 


Figure 20: The simple R-390F tag applied by Chuck (above) to his R-390Fs is 
compared with the new R-390F/RK tag (below) that I wanted to give him. 


EM 
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A Utility 80-Meter Receiver Front End 


By Bryant Julstrom, KCOZNG handy to have a simple front-end to 
julstrom@stcloudstate.edu provide signals to experimental IF stages, 
detectors, audio amplifiers, and 

Introduction accessories. 

A few months ago, in the May 2019 This unit is such a front-end. It tunes 
issue #360, I described in these pages a from just below to just above the 80 
general-purpose receiver back-end, tobe — meter band and provides output at 455 
used when experimenting with front- | kHz. Anoutput from its local oscillator is 
end circuits and IF stages. Similarly, it’s available to drive a frequency counter or 


3.4-4.1MHz 7 


22pF 150 
40K 
GAIN 47K 
aw 
15K 
1 15| 0B2 
§ 
2A7 
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6BEG 12AU7 


Figure 1: The Circuit of the Utility 80 Meter Front-End 
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IF transformer 


Figure 2: This drawing shows the arrangement of the major components on (and 


under) the aluminum chassis. 


digital dial. The unit is powered by an 
external supply. 
Design 
A 
implemented with three miniature tubes. 
The two sections of a 12AU7 form a 
Franklin oscillator. I’m fond of this circuit 


standard oscillator/mixer is 


and of its cousin, the common-cathode 
oscillator, because both require only 
simple tuned circuits, tolerate various L/ 
C ratios, and operate over a wide range of 
frequencies. A OB2: regulates the 
oscillator’s B+. 


a 6BEG 


conventional circuit. A pot controls the 


The mixer uses inven 2 
gain of the mixer, and the oscillator and 
mixer are tuned separately. The oscillator 


frequency is below the signal frequency. 
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An indicator glows when power is applied, 
and an SPST rotary switch controls the 
B+. The unit requires about 20 mA ata 
voltage high enough to light up the 0B2 
and 0.6A at 6.3 VAC for the filaments. 
The schematic in figure 1 shows its circuit. 
Construction 

Chassis-and-panel construction began 
with a 4"x 6"x 2" chassis. ‘The front 
panel was cut from sheet aluminum, and 
another panel was fastened to the chassis 
to increase its rigidity. A bottom plate, 
with four rubber feet, attaches to the 
chassis with sheet metal screws. 

Figure 2 shows the arrangement of the 
major components on the chassis and 
indicates right-angle brackets, also bent 
up from sheet stock, that, with the control 
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IF transformer is on the right. 


hardware, attach the front panel to the 
chassis. The mixer tuning capacitor, 
shown in the upper right of figure 2, is 
within the chassis, not above it. 

The coil in the mixer’s grid input circuit 
is nine turns and 75 turns on a T-68-2 
toroid. The oscillator coil is wound ona 
3/8" slug-tuned form of unknown origin. 
The 10k gain pot came from my junk 
box; it could be 5k or even less. 

The unit’s back panel holds a BNC 
connector for an antenna, phono jacks 


for the 455 kHz signal output and the 
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Figure 3: This is the assembled front-end, viewed from the back of the chassis. The 


oscillator output, and a four-pin Jones 
connector for the B+ and filament 
voltages. Figure 3 shows the assembled 
unit, without its cover, from the back. 

The 455 kHz IF transformer is made 
with two 1 mH REF chokes, aligned in 
parallel and each with a fixed capacitor 
and a trimmer. (The can originally held 
a plug-in crystal oscillator.) Figure 4 
shows what’s inside the can. This unlikely 
arrangement, which I saw described on- 
line, is surprisingly effective. 
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On the front panel, 
the dial is a National 
MCN with a slightly 
melted knob, a 
hamfest find. The 
dial’s scale was written 
in PostScript and 
printed on glossy 
paper. The panel’s 
labels were made with 
a Brother label maker 
using black-on-clear 
tape. The stripes are 
automotive —_— pin- 
striping. The indicator 
ish ea orecn.. Lt.L) 


mounted in a 
grommet. The unit's 


cover was bent up Figure 4: This close-up view inside the IF transformer shows 
from another piece of its two coils that are RF chokes, aligned in parallel. 


flat stock. 


Figure 5: The completed receiver front-end is shown from the front. 
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Figure 5 shows the completed front- 


end, with its cover, from the front. 
Performance 

With no RF stage and only two tuned 
circuits in the signal path, this front-end 
cannot compete with those in good 
vintage receivers. Nonetheless, it serves 
well as a realistic signal source when 
designing and building the other sections 
of receivers. Figure 6 shows the front- 
end as part of a complete receiver, with a 
digital dial, IF strip, and BFO/detector/ 
audio amplifier. All except the digital 
dial get power from the supply behind 
them. 

Variations 

Innumerable variations on this theme 
are possible. There are many oscillator 
and mixer circuits that can be distributed 
in many ways among the sections within 
tubes. One could include an RF stage. 
The tuned circuits could track. Tuning 
could be done with varactors rather than 
variable capacitors. Other bands could 
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be covered ora different output frequency 
generated. The receive frequency could 
be indicated by a built-in digital dial. 
And my favorite: The indicator could be 
a two-color LED controlled by the STBY/ 
ON switch. 

Whatever choices one makes, a utility 
front-end is a useful addition to the 
experimenter’s bench. 
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Beyond the Harmoniker 


By Dave Gordon-Smith, GZUUR 
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Bell Road, Rockland St. Peter 
Attleborough, Norfolk 
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Introduction 

Many WWII MEF and HF radio sets 
designed for use in military vehicles or 
on US Navy ships rely on the high Q of 
relatively short, loaded whips for 
harmonic filtering. Their use with larger 
50-ohm antenna systems often requires 
a bit of help to get the harmonics down 
towal leveh acceptable to the» FCC, jor 
nearby amateurs. Of course, modern 
Chebyshev or Cauer low-pass filters could 
be used for this purpose, and there are 
plenty of designs in handbooks and 
magazine articles if you want to go that 
route. However, if you want to use 
something that’s more in keeping with 
your restored WWII sets, you might 
consider the old GE Harmoniker design 
from 1949, or at least something very 
similar to it. Just in case you think this 
might mean sacrificing performance, let 
me assure you it doesn’t, and on top of 
that you get far more convenient values 
of capacitance with the Harmoniker type 
of filter than with any modern Chebyshev 
design of similar performance, where 
you might have to parallel up a multitude 
of standard capacitors to get the right 
values or use a compromise cut-off 
frequency well above what you really 
need in order to get the capacitor values 
to coincide with those commonly 
available. 
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If you’ve come across the GE 
Harmoniker before, you may recollect 
that some of the capacitor values on 
certain bands, such as 840 pF on 80M 
and 450pF on 40M, don’t quite fit in 
with the commonly available preferred 
values of today. Don’t worry, as you'll 
see later they aren’t that critical and you 
can use capacitor values either side of the 
ones specified by GE without changing 
either the cut-off frequency or degrading 
the return loss and  stop-band 
performance in the least, as they're part 
of a large family of filters with interesting 
properties. How do I know this? Well, let 
me tell youa funny story that takes us full 
circle from modern filter theory right 
back to 1949, or before, and then back 
again to the present day. 

Som’Wil’Av’am Radio Meetings 

In the late 1970s, I used to meet up 
with a group of like-minded amateurs on 
the first Tuesday of each month at a 
public house called “The George” in the 
quaint little Somerset village of Norton 
St. Philip, in the South West of England. 
My local radio club in the well-known 
Georgian City of Bath had pretty much 
folded by this time because the 
membership had dwindled to just 3 of us. 
I used to chat on the local UHF repeater 
(GB3UB) with other amateurs in the 
neighbouring counties who were in a 
similar position. At some point a group 
of us decided to meet up somewhere that 
was reasonably central, and “The George” 
at Norton St. Philip was chosen as a 
suitable venue. An added attraction was 
the fact they served Wadworth’s 6X, a 
local beer that had a great reputation 
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back then. Wadworth’s brewery was in 
the next county and was relatively small 
at that time. The production of 6X was 
not hurried then and the quantity 
produced each month was fairly modest. 
It was a marvellous brew! Anyway, after 
they got well established the meetings at 
“The George” attracted amateurs from 
across several neighbouring counties and 
the attendance was quite high most 
months. They came predominantly from 
the counties of Somerset, Wiltshire and 
Avon; hence the name we adopted for 
our meetings. 

Many interesting discussions were had 
over a few jars of 6X. In fact, a chance 
discussion one Tuesday evening about 
harmonic filtering started me off on a 
long, sometimes tedious, but always 
interesting quest that went on for nearly 
three decades, on and off. Someone asked 
why band-pass filters weren’t commonly 
used to attenuate the harmonics from 
HF transmitters. Whoever asked this 
question thought that band-pass filters 
ought to give more harmonic rejection 
per component because their bandwidths 
are much narrower than low-pass filters. 
Nobody could answer that one off the 
cuff, so | madea mental note and decided 
to investigate later when I had the time — 
that was a quantity which was in quite 
short supply then because I was supposed 
to be working on my Masters, which was 
on the physics of materials and not 
electronics. Anyway, it didn’t take much 
to work out that component for 
component band-pass filters weren’t as 
effective as low-pass filters at attenuating 
harmonics unless they were very narrow, 
which obviously wasn’t convenient for 
most HF bands. And, for low insertion 
loss, they would need coils with high Qs 
anyway. However, that left me with a 
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thought about low-pass filters; why do 
we need a level response all the way down 
to DC when only a tiny part of the 
response at the upper end of the pass 
band is ever used by the transmitter in 
harmonic filtering applications? The 
answer is we don’t, and that led me to 
wonder if unequal-ripple low-pass filters 
with a big dip in the pass band at the 
bottom end of the response might have 
some advantage over the conventional 
low-ripple Chebyshev types and provide 
more attenuation in the stop band while 
still offering an excellent match to the 
transmitter in the upper part of the pass 
band where it’s needed. 
A Long Journey of Discovery 

Fortunately, or unfortunately 
depending on how you look at it, there 
was a [Tektronix computer terminal in 
the basement of the Physics building 
which was linked to a large mainframe 
computer at one of the UK Science 
Research Council’s laboratories near 
London. It was supposed to be used for 
processing research data and producing 
graphs for scientific papers and 
conference presentations. One of the 
programs available was a curve-fitting 
routine, and this got me started looking 
at high-order polynomials that could 
produce the sort of curves I needed for 
my new filters. 

Having taught myself a bit about filter 
theory a year or two earlier, when I first 
got interested in crystal ladder filters, I 
managed, with great difficulty, to work 
my way laboriously through the tedious 
calculations needed to derive the low- 
pass filter component values from a 
polynomial generated by the computer. 
It turned out that you could have the 
attenuation performance of a high-ripple 
Chebyshev filter with a deep valley at the 
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Figure 1: Typical Acromorphic unequal-ripple low-pass responses for Lower Valley 
Ripple (LVR) values of 0.1 dB, 0.4 dB and 0.9dB. 


lower end of the response and low ripple 
with a good match to the transmitter at 
the top end in the same unequal-ripple 
filter. Figure 1 shows the sort of responses 
I was able to achieve with this technique. 
Note that the filters with deeper valleys 
at the lower end of their responses have a 
sharper roll-off in the stop band. In this 
figure, the upper end of the filter response 
1.0) is the 
highest frequency within the upper pass 
band that an SWR of less than 1.1:1 is 
presented to the transmitter — in 
Chebyshev filter terms, this is the ripple 
frequency. There is a certain ratio between 
this frequency and the cut-off (-3dB) 
frequency, which changes with the depth 


(normalised frequency = 


of the lower valley and also depends on 
the amount of ripple in the upper pass 
band. 

Once the design was shown to be viable, 
and not having any more time to devote 
to it, the idea lay dormant for several 
years while I completed my MSc and 
then a PhD. However, in later years I had 
the opportunity to generate more 
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unequal-ripple polynomials whenever | 
had access to computers with curve-fitting 
routines. Initially, individual designs were 
produced for particular projects, but it 
became evident as the data from more 
and more designs accumulated that there 
were a whole family of these fifth-order 
designs that offered tremendous flexibility 
in the choice of component values when 
the C3/C1 ratio was around 2. This 
flexibility in component choice may be 
more important than their improved 
performance compared with low-ripple 
Chebyshev filters, since the ability to 
choose a design that uses mainly single 
preferred-value capacitors, rather than 
combinations of several in parallel to get 
the right values, could reduce cost and 
save space. 
Harmoniker Hysteria? 

The fact that I bothered to derive a 
number of these unequal-ripple designs 
from scratch using modern filter theory 
may seem a bit obsessive to many, but I 
enjoy playing with math and have often 
used it to make up for lack of test 
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equipment. Anyway, I only designed what 
I needed for particular projects initially 
and the work was spread out over quite a 
few years, so didn’t seem excessive to me 
at the time. However, having spent a fair 
amount of time on this project in total, 
you can imagine how devastating it was 
to discover, nearly 3 decades later when I 
picked up a bunch of old GE Ham News 
sheets at a hamfest, that their Harmoniker 
low-pass design from 1949 is actually 
one of my family of fifth-order unequal- 
ripple filters. I wasn’t the first to do it! To 
Say Pwas:.a. bit peeved ‘is /an 
understatement, but then on reflection I 
realised they hadn’t cottoned on to the 
fact that their filter was one of a large 
family with unique properties, otherwise 
they'd have included a few more designs 
for each band with different capacitor 
values. So, what I’d done wasn’t wasted 
effort by any means — if I hadn’t done it 
I wouldn’t have realised there’s a large 
family of these filters either! 

Modern filter theory hadn’t really 
developed enough by the late 1940s for 
GE to have used it, so their Harmoniker 
design was probably based on a cascaded 
pair of constant-k sections, which was 
the normal way of designing filters back 
then. This seems to be confirmed by 
their choice of capacitor values for each 
band. Cascading two constant k sections 
gives far more harmonic suppression than 
one, but also drops the cut-off frequency 
by a factor of 0.911, though with a bit of 
judicious coil tweaking you can increase 
it back up to where it’s required without 
any problem — the -3dB point is used in 
frequency scaling calculations with this 
type of filter and putting two sections in 
cascade roughly makes the -3dB point 
for one section into the -6dB point for 


20 Electric Radio #362 


two, so the coils have to be reduced quite 
a bit in value to move the cut-off point 
back up to a frequency well above the 


_ upper edge for each band. 


The constant k filter design goes way 
back to the very early days of radio and 
electronics when George Campbell and 
Otto Zobel were developing filter theory 
at Bell Telephone Labs. This was in the 
first quarter of the 20" Century, so the 
design has a great heritage, particularly 
as it’s associated with Bell Labs. However, 
now we have the benefit of modern filter 
theory behind us, it’s easy to see that the 
Harmoniker design is really just one of a 
large family of filters of a type that offers 
tremendous flexibility in the choice of 
component values for any given ripple or 
cut-off frequency, and these can be 
designed to order, so to speak, using any 
value of capacitor within a certain modest 
range for each amateur band. 

Towards the end of this project, after 
my kids had grown up and left home, I 
had more time and decided to fill in the 
gaps in the fifth-order table and look at 
seventh-order designs as well. Eventually, 
I accumulated a whole range of these 
unequal-ripple designs in suitable 
increments of lower valley ripple (LVR) 
from 0.04 dB all the way up to 1 dB. 
Experiments with deeper valleys at the 
low end of the response, from 3 to 10 dB, 
had shown that they affected the upper 
part of the response adversely and 
restricted the bandwidth that could be 
achieved with low ripple, so the LVR was 
limited toa maximum of 1dB for practical 
reasons. The name I’ve given this family 
of unequal-ripple low-pass filters — 
Acromorphic - is derived from the 
shaping, or morphing, of the uppermost 
part (acro- from the Greek akros meaning 
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topmost) of the pass-band response to 
suit the application of harmonic filtering 
specifically. The degree to which this 
shaping can be done in low-order filters 
is very limited, but for fifth-order designs 
and above there is considerable freedom 
to perfect the upper part of the pass band 
while leaving the lower part to do 
whatever it has to do in order for the filter 
to be realizable. If you’re interested in 
how this is done, the theory is explained 
in a couple of QEX articles from 2006 
and 2010 (1, 2). 
Terrific Choice! 

It’s already been mentioned that this 
type of unequal-ripple low-pass filter can 
achieve the harmonic attenuation of a 
Chebyshev filter with up to 1dB ripple 
while offering the matching advantages 
ofa0.01 dB-ripple design, but its greatest 
benefit is probably the convenience of 
being able to use any one of a modest 
range of capacitors to produce a high- 
performance, fifth-order, low-pass filter 
for any amateur band. Figure 2 shows 
the circuit for the fifth-order, pi- 
configuration low-pass version being 
discussed here, but values for the T 
configuration could just as easily have 
been derived. However, the coils for the 
latter version need higher inductance 
values and, consequently, aren’t quite as 


convenient as the pi version. 

Table 1 lists the values for C1, L2, C3, 
L4 and C5 for a number of fifth-order 
Acromorphic low-pass filter designs that 
use readily available values of silver mica 
capacitors. Note the variety of values you 
can choose from for any particular 
amateur band - 8 choices for 160M and 
10 on 80M, with a similar number for 
60m. Also, anyone with oddball values 
close to any of those shown in the table 
can always use them instead, if they want. 
Just locate the two rows in the table for 
capacitor values just above and below the 
oddball one, and make a note of the 
inductance values specified for these rows. 
The filter inductance needed for use with 
this oddball value of capacitance is 
somewhere between these two figures. 
The calculation of the exact value needs 
to be done in proportion, of course, so if 
your capacitor value is one-third the way 
between two capacitor values in the table, 
you need to take one-third of the 
difference in the inductor values for these 
two rows and either add that to, or 
subtract it from the inductance specified 
for the row containing the capacitor value 
closest to the value you have. You can see 
from the way the inductor values are 
changing going up through the table 
whether you need to add or subtract. If 
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Figure 2: The standard pi-configuration fifth-order low-pass filter circuit — the 
relationships between the different component and termination values determine 
whether the response is Acromorphic, Butterworth, or Chebyshev, etc. 
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Band 
160m 
160m 
160m 
160m 
160m 
160m 
160m 
160m 


75m 
75m 
75m 
75m 
75m 
75m 
75m 
75m 
75m 
75m 


60m 
60m 
60m 
60m 
60m 
60m 
60m 
60m 
60m 
60m 


40m 
40m 
40m 
40m 
40m 
40m 
40m 


30m 
30m 
30m 
30m 
30m 
30m 
30m 
30m 


LVR 
0.93dB 
0.87dB 
0.71dB 
0.48dB 
0.38dB 
0.30dB 
0.22dB 
0.12dB 


0.93dB 
0.71dB 
0.57dB 
0.50dB 
0.48dB 
0.33dB 
0.30dB 
0.22dB 
0.12dB 
0.09dB 


0.93dB 
0.79dB 
0.60dB 
0.55dB 
0.45dB 
0.38dB 
0.33dB 
0.26dB 
0.13dB 
0.10dB 


0.93dB 
0.75dB 
0.55dB 
0.50dB 
0.38dB 
0.29dB 
0.15dB 


0.93dB 
0.710B 
0.67dB 
0.50dB 
0.45dB 
0.35dB 
0.24dB 
0.09dB 


C1 
2200 
2130 
2000 
1800 
1700 
1600 
1500 
1400 


1100 
1000 
950 
910 
900 
820 
800 
750 
700 
680 


800 
750 
700 
680 
650 
620 
600 
560 
510 
500 


600 
560 
510 
500 
470 
430 
390 


430 
400 
390 
360 
350 
330 
300 
270 


LZ C3 

3.740 4400 
3.789 4260 
3.893 4000 
4.080 3600 
4.162 3400 
4.323 3200 
4.476 3000 
4.677 2800 
1.868 2200 
1.940 2000 
1.991 1900 
2.029 1820 
2.038 1800 
2.130 1640 
2.162 1600 
2.237 1500 
2.335 1400 
2.380 1360 
1.358 1600 
1.398 1500 
1.442 1400 
1.459 1360 
1.491 1300 
1.514 1260 
1.546 1200 
1.596 1120 
1.692 1020 
1.718 1000 
1.023 1200 
1.060 1120 
1.099 1020 
1.112 1000 
1.140 940 

1.190 860 

1.260 780 

0.736 860 

0.762 800 

0.770 780 

0.800 720 

0.808 700 

0.830 660 

0.873 600 

0.940 540 
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L4 
3.740 
3.789 
3.893 
4.080 
4.162 
4.323 
4.476 
4.677 


1.868 
1.940 
1.991 
2.029 
2.038 
2.130 
2.162 
2.237 
2.335 
2.380 


1.358 
1.398 
1.442 
1.459 
1.491 
1.514 
1.546 
1.596 
1.692 
1.718 


1.023 
1.060 
1.099 
1.112 
1.140 
1.190 
1.260 


0.736 
0.762 
0.770 
0.800 
0.808 
0.830 
0.873 
0.940 


Table 1, Part 1 
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Band LVR C1 L2 C3 L4 C5 
20m 0.90dB 300 0.525 600 0.525 300 
20m 0.63dB 270 0.550 540 0.550 270 
20m 0.48dB 250 0.568 500 0.568 250 
20m 0.38dB 240 0.580 480 0.580 240 
20m 0.29dB 220 0.606 440 0.606 220 
20m 0.16dB 200 0.64 400 0.64 200 
15/17m 0.87dB 200 0.353 400 0.353 200 
15/17m 0.60dB 180 0.370 360 0.370 180 
15/17m 0.38dB 160 0.388 320 0.388 160 
15/17m 0.31dB 150 0.400 300 0.400 150 
15/17m 0.12dB 130 0.436 260 0.436 130 
10/12m 0.98dB 150 0.250 300 0.250 150 
10/12m 0.60dB 130 0.267 260 0.267 130 
10/12m 0.45dB 120 0.275 240 0.275 120 
10/12m 0.32dB 110 0.288 220 0.288 110 
10/12m 0.21dB 100 0.303 200 0.303 100 
10/12m 0.14dB 95 0.312 190 0.312 95 


Table 1 Parts 1 (left) and 2 (above): Component values for a range of fifth-order pi- 
configuration unequal-ripple low-pass filters covering the 160-meter to 10-meter 
amateur bands. All inductors in pH and capacitors in pF. 


you re referencing to the lower capacitor 
value, because that’s closer to the oddball 
value you have, then you need to subtract 
the difference you’ve calculated since the 
inductance values are decreasing towards 
the top of the table. Obviously, if you’re 
referencing to the higher of the two values, 
then you need to add the difference to the 
inductance given in the upper row. 
Alternatively, you could just rely on 
providence and use a coil you know can 
be stretched or squeezed to cover the 
range of inductance between the two 
figures specified in the rows that bracket 
your oddball value in the table. 

The filters are a doddle to set up. All 
you need to do is terminate the filter for 
the band in question with a 50&! load 
and connect an SWR meter in the line 
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from a low-power transmitter to the input 
of your new filter. Set the transmitter 
VFO to the top of the band and then 
tweak the coil windings by expanding or 
squeezing them to get an SWR below 
1.1:1. When you’ve achieved this, just 
check the filter doesn’t go above 1.1:1 as 
you sweep the VFO down to the lower 
edge of the band. If it does, just go back 
and forth a few times between the band 
edges tweaking the coils until you get the 
values right for the entire band. It can 
sometimes take several attempts to get it 
right when the two coils aren’t quite 
close enough in inductance at the start of 

the setting-up process. 
Some Guidance on Coil construction 
None of the coils required for these 
low-pass filters have particularly high 
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values of inductance. The largest is 4.677. 


wH, and even that can be made self- 
supporting with thick enough wire. I use 
the metric equivalent of 12, 14 and 
16AWG wire for winding low-pass filter 
coils for vintage equipment. When they’re 
self-supporting they're convenient for 
mounting on tag strips or stand-off pillars, 
and can be compressed or extended to 
achieve just the right value of inductance 
during the setting-up process. Larger 
coils, like the 160M ones, really need to 
be 1.25 to 1.5 inches in diameter and 
made from 12AWG enamelled wire. 
Wheeler’s formula (as given in the ARRL 
HB) for working out the inductance of a 
coil from its dimensions can be re- 
arranged to give the required number of 
turns for a particular inductance if the 
length of the coil is set equal to its diameter 
and this serves as a useful guide initially. 
I start with this number and see what 


inductance I get. If it isn’t close enough, 
I try a different ratio of length to diameter. 
For example, an inductance of 4.677 pH 
with a coil length and diameter of 1.5 
inches works out to be 13.7 turns. 
Rounding this off to 14 and starting with 
the turns close wound the measured 
inductance came out a bit too high, and 
the coil had to be extended far too much 
to reduce it to the value needed, so I 
settled on 13 turns instead. 

Table 2 gives some suggestions for the 
number of turns and suitable dimensions 
for the various inductors required for the 
different bands. Where only one coil is 
specified for each band it’s capable of 
covering the whole range of values given 
in table 1 merely by stretching its length. 
So, start with a close-wound coil of the 
specified number of turns and then extend 
it carefully to get the required inductance. 
Bear in mind that it’s hard to go back if 


Band LVR Coil Diam. 
160m 0.93dB 1.5 inch 
160m 0.38dB 1.5 inch 
160m 0.12dB 1.5 inch 
80m ALL 1.0 inch 
60m ALL 1.0 inch 
40m ALL 0.75 inch 
30m ALL 0.75 inch 
20m ALL 0.75 inch 
15m ALL 0.5 inch 
10m ALL 0.5 inch 
bf 


11 12AWG CW+STIR 
12 12AWG ‘ 
13 12AWG . 
10 14AWG " 
8 14AWG ‘ 
10 14AWG is 
8 14AWG 5, 
6 14AWG ° 
9 14AWG ‘ 
7 14AWG : 


Table 2: Recommended number of turns and dimensions for coils specified in Table 
1 for the various amateur band low-pass filter designs. 
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you stretch the coil too much to begin 
with. A plastic container or glass jar can 
be used as a mandrel for the 1-inch and 
1.5-inch coils and wooden dowels for the 
smaller diameter ones. In fact I’ve used 
1.25-inch diameter HDPE pill containers 
to make 1.5-inch coils in the past because 
the larger coils made with thick wire 
always seem to spring open when they’re 
removed from the former and the 
diameter ends up nearer 1.5 inches 
anyway. 
Concluding Remarks 

The moral of this story, and surely 
there is one, is that you shouldn’t dismiss 
things just because they’ re old and, in the 
same vein, you shouldn’t automatically 
assume that new is better than old. The 
design for the GE Harmoniker may have 
been arrived at by theory or by cut-and- 
try methods, we’ll never know for sure, 
but it was certainly ahead of its time and 
the modern Chebyshev low-pass filters 
that replaced it were actually a slightly 
inferior compromise as far as harmonic 
filtering applications are concerned. 
Unequal-ripple, fifth-order low-pass 
filters offer great flexibility in component 
with the high 
performance you'd expect from a 
Chebyshev design with similar overall 
ripple. They’re certainly worthy of 


choice together 


consideration if your vintage gear has 
problems with lack of harmonic 
suppression. 

If excellent performance is to be 
achieved routinely, a good strategy is to 
match L2 and L4 to better than 2%, 
preferably 1% if possible, at the start. 
The relationship between Cl and C5 has 
a certain amount of latitude, though, and 
allows the theoretical upper pass-band 
response to be obtained with several 
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percentage points difference between the 
values of these capacitors, provided that 
their sum is close to the value of C3. So, 
in the pi-configuration filter the capacitor 
at one end can be a couple of percentage 
points up and the other a couple down on 
the nominal values, as long as the middle 
capacitor is very nearly equal to the sum 
of the other two. C3 can be a single 
preferred-value capacitor where a double 
value is available, or two of the same sort 
as Cl and C5 if it isn’t, or if that happens 
to be more convenient. By juggling with 
the positions of four nominally equal 
capacitors that have a few percentage 
polltsespfead, in wheir Values, cat 
arrangement can usually be found that 
minimises the difference between the sum 
of the middle two and the sum of the end 
ones. This provides the best possible pass- 
band response with the components 
available. 

Those of you who prefer to use 
powdered-iron cores for your coils will 
need to work out the AC magnetic flux 
density each one is likely to experience in 
operation so that suitable core sizes can 
be selected to keep the flux well below 
saturation. For that you'll need to know 
the peak current that L2 and L4 have to 
handle at whatever power level you intend 
to use. Table 3 provides a list of current 
multiplier coefficients for the various filter 
LVRs between 0.1 and 1dB so that the 
absolute maximum current through these 
coils can be calculated from the peak 
current your transmitter produces into 
50 ohms, including peaks of modulation 
of course. Just multiply your transmitter 
peak value at full modulation by the 
coefficient from the table and you've got 
the peak current through L2 and L4 for 
this particular value of LVR with the 
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LVR 
dB 
1.00 
0.90 
0.80 
0.70 
0.60 
0.50 
0.40 
0.30 
0.20 
0.10 


Pi-configuration 


L2 
1.52 
1.50 
1.47 
1.45 
1.43 
1.40 
1.38 
1.36 
1.33 
1.31 


L4 
1.52 
1.50 
1.47 
1.45 
1.43 
1.40 
1.38 
1.36 
1.33 
1.31 


(Acromorphic With Added 
Zero) and a fifth-order 
version of this is described in 
reference (3). Seventh-order 
AWAZ low-pass filters using 
standard value capacitors 
(SVC) are also discussed in 
another article that appeared 
in QEX in 2011 (4). So, there 
you have it. Semper ad 
meliora! 


References: | 
1. Dave Gordon-Smith, 
G3UUR, Fifth-Order 


Unequal-Ripple Low-Pass 


Filter» Design; himQey 
November/December 2010, 


pp 42-47, American Relay 
League, Newington, CT. 


2. Dave Gordon-Smith, 


Table 3: Inductor current multipliers for a range of G3UUR, Seventh-Order 
LVR values for the current through L2 and L4 Unequal-Ripple Low-Pass 


relative to the input current the same power produces 


in 50 ohms. 


output power you re using. There’s plenty 
of information on the Micrometals APC 
web site to help you select the size of core 
and type of material you need. 

It’s not just fifth-order Acromorphic 
unequal-ripple low-pass filters that turn 
out to have convenient C3/Cl ratios, as 
seventh-order ones have a ratio of around 
2.2 which fits in quite handily with some 
preferred value capacitor ranges, but that’s 
another story as Kipling would say. If 
you happen to need more harmonic 
attenuation than a straightforward fifth- 
order filter can muster, you can either go 
for a seventh-order design or add a null 
to the fifth-order one at the frequency of 
the offending harmonic. This latter type 
is known as an AWAZ low-pass filter 
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An Easy Upgrade for Classic Receivers 


By Bill Hooper, KFGAR 
249 Rustic Canyon Drive 
Grants Pass, Oregon 97526 
billnroo@earthlink.net 


From the end of WWII, until around 
1960, American radio manufacturers 
scrambled to capture the ham radio and 
shortwave listener market with large, 
heavy receivers with ever increasing 
capabilities. Both ham-band-only and 
general-coverage (two-dial) receivers were 
offered. Hundreds of these receivers were 
produced and were, usually, single- 
conversion (455 kHz IF) designs with 
some special features such as fixed and 
variable noise limiters, crystal calibrators, 
and crystal filters. As time passed, the 
single-conversion receivers were being 
replaced by dual (and triple) conversion 


designs to make them more effective on 
the higher frequency bands. After about 
1959, most “serious” receivers were 
advertised as “Dual Conversion.” Most 
common was a first IF in the 3 MHz 
range and crystal oscillator down- 
conversion to regular 455 kHz IF as 
before. These notes also apply to pre- 
WWII 455 kHz IF receivers. 

The addition of a “Q-5er” was a great 
way to narrow up the early receivers and 
approach “single signal reception.” Q 
multipliers were offered as kits and 
manufactured accessories as well. The 
“image problem” was not very significant 
on the lower bands as the front end 
selectivity was able to reject reasonable 
strength image signals up to about 7 
MHz. The harder-to-solve problem is 


low-band, adjacent-channel interference. 


Figure 1: NC-183 with “QS5er”, paired transmitter (Eico 720) etc. The Eico was 


built in 1959 in Honolulu by Arlene (my XYL) when she was WHGDHA. This 
“Q5er” is a CCT-46129 and is part of Radio Set ARA, built by Stromberg-Carlson 


Tel. Mfg. Co. 
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This appears as cross-modulation and 
other troublesome effects of when a very 
strong signal is just off-frequency enough 
to not produce a heterodyne squeal but 
to “pump” the AVC and slop audio 
products that appear on top of the modest 
or weak station trying to be heard. 
Nothing is new under the sun and if you 
currently use 160M and 75M AM very 
much your vintage receiver may suffer 
from nearby stations running big power. 
A “Q5er” is still one super-effective way 
to reduce or eliminate most interference 
from these nearby powerhouse signals. 

In its simplest form, a “QS5er” is just a 
radio_receiver that has a very low IF 
frequency (hence much narrower 
bandwidth) and tunes to the IF frequency 
of your classic receiver, i.e. 455 kHz. 
This approach not only gives you “double 
conversion’ it also gives you “band pass 
tuning.” 

“My receiver is already double 
conversion!” OK, but if you read the fine 
print it may be single conversion up to 
either 7 or 10 MHz, at which point the 
band switch brings the double conversion 
feature on-line. Hammarlund and 
Hallicrafters did this in many of their 
receivers. So, therefore you are still single 
conversion with 455 kHz IF selectivity 
on 160M and 75M. 

“My 1949 classic Loudenboomer 
receiver is a condition 10 out of 10, 
completely unmodified and perfect in 
every way, I’m not going to modify it so it 
“works better” on low bands!” OK, but 
no “modification” is necessary. Just pull 
the last IF amplifier tube and add a small 
coil around the tube, apply some tape, 
connect to miniature or subminiature 
coax cable, route this very small cable out 
an existing air vent in the case, replace 
the tube and you are ready to add your 
“Q5er.” (See figure 3.) 


The most common “Q5er” is the 
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Figure 2: A coil of 30 gauge copper 
magnet wire, with varnish insulation is 
wound over the IF tube. About 50 turns 
will do, and it is secured in place with 
masking tape. (Black vinyl tape will 
creep off due to tube heat). 


military surplus R-23A/ARC-5 (also the 
SCR-274-N BC-453 or ARA/ATA CBY- 
46129). These little gems are almost 
identical and tune from 190 kHz to 550 
kHz. They were used in virtually every 
military aircraft for low frequency range 
navigation. The standard ARC-5 receiver 
modifications are a one-evening task, (see 
references) however many you will find 
on the swap tables (or auction sites) will 
already be modified for 120 VAC and a 
4 ohm audio output. Usually there will 
be a BFO switch and an RF gain control 
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Figure 3: Miniature coaxial cable attached to the coil ends and secured with masking 


tape. Coax is routed out of the receiver through one of the air vent openings. The 
other end of the coax is directly attached to the antenna input of the “Q5er.” 


added to the little front panel. 

After you acquire one of these receivers 
(they are usually reasonably priced) I 
suggest you test the “Q5er” by itself at 
455 kHz using a signal generator to be 
sure it is working properly in all respects 
before you connect its input to the IF tap 
you have installed on your main receiver 
IF tube. My application has been to a 
beautiful National NC-183 and also toa 
Konel marine receiver. In the case of the 
NC-183, all the IF and crystal filter 
adjustments are available from the top of 
the chassis, so I took the opportunity to 
find the NC-183 crystal filter crystal 
frequency (mine is 456.2 kHz) and did a 
proper IF alignment while I was in there 
adding the coil to the IF tube. Since the 
top swings open I didn’t even have to 
take the receiver out of the case! This 
alignment is optional, but recommended. 

To get started, remember that_your 
station receiver has not been modified in 
any way, just tune in a nice stable signal 
(signal generator on 3.5 MHz would be 
good but WWV on 2.5 or 5 MHz will 
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work). Carefully tune the signal to the 
center of your receiver pass band using 
your S meter (or by ear if no S meter is 
present). Keep the “Q5er” audio turned 
off as you do this and when all is stable, 
reduce the main receiver audio and turn 
up the “Q5er” audio until something is 
heard on the “QS5er”/dedicated speaker. 
Tune (only) the “Q5er” to 455 kHz (.455 
on the dial) and if everything is working 
well you should again hear the same 
signal already tuned in on the main 
receiver. Note that now, using only the 
“Q5er” tuning control, you can tune 
inside your main receiver pass band. And 
note that with the “Q5er” tuned to the 
center of your main receiver pass band 
you can leave the “Q5er” alone and use 
the tuning controls of your main receiver 
as you have always done but you will be 
surprised at the much sharper tuning! In 
this configuration you can simply use 
only the volume controls on the main 
receiver and the “Q5er” to make your 
station receiving configuration wide 


bandwidth or very narrow bandwidth! 
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When you try it on the air and use it to 


eliminate a nearby station’s interference, - 


you will be surprised at the improvement. 
Even better performance will be obtained 
as you develop a “feel” for the placement 
of your main receiver tuning (pass band 
relative to the interfering station) and 
your ability to now further tune inside 
the main receiver pass band to avoid the 
strong adjacent station’s interference. 
Refinements and developed skills will 
include reduction of the main receiver 
RF gain control — even turning off the 
AVC in some cases — and listening only 
to the audio output of the “Q5er.” If 
additional reduction of over-all gain of 
the receiving configuration is indicated/ 
desired you can adjust the antenna input 
trimmer on the “Q5er” to obtain 
significant changes in the strength of the 
455 kHz IF signal presented to the 
“Q5er.” These receivers have high Q 
front ends and their antenna trimmer 
controls are quite effective and tune 
sharply. 

Overall results will be significantly 
enhanced by your experience in using 
the new configuration you have created. 
Explore a// variations of main receiver 
control settings including crystal filter 
and crystal phasing, built-in Q- 
multiplier (if present), ANL, AVC and 
RF/IF gain settings. No matter the 
complexity of the configuration, your 
experience gained while exploring 
different settings of controls and the 
techniques you use on-the-air will pay 
serious dividends. Generally, RF and IF 
gain controls turned down will yield the 
best results. Balance gain against receiver 
quieting and interference reduction. 

Alas, if the interfering strong station 
is over modulating and/or producing 
distortion products that actually put 
energy/signals on the desired station’s 
exact frequency, the “QS5er” will not 
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remove this in-channel energy. But 
overload and sideband energy/audio 
interference will be gone or significantly 
reduced. 

For CW and SSB use, the military 
receivers mentioned above allow you to 
adjust their bandwidth from about 3 
kHz to 1 kHz by changing the spacing of 
the IF coils (easily done but outside the 
scope of these application notes). 

Try it, you will like it! And remember: 
it’s mot a “modification” to your classic 
receiver! | 
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¢ https://blogs.telosalliance.com/found- 
in-the-attic-arc-5-command-receiver 
¢ Electric Radio, Issue 300 May 2014, 
pp 13, 29; Issue 317 Oct 2013 appa ae 
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4968) | 
¢ http://www.radiomanual.info/schei/ 

Surplus_Handbooks/ 
Surplus_radio_conversion_manual_voll_1948.pdf 
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The R-122A/ARN-12 
Marker Beacon Receiver 


By Charlie Liberto, W4MEC flying over any army marker beacon 
Hendersonville, NC transmitter at altitudes between 10 and 
mjcal77@yahoo.com , 4,000 feet and over CAA (FAA) marker 


beacon transmitters at altitudes between 

One of my weaknesses in life has been — 100 and 35,000 feet. Reception is on the 
my addiction to making castoff things standard marker beacon channel of 75 
that don’t work, work again. I think it | Mc. The equipment responds to a75 Mc 
started when I found a 5.3-7 Mc ARC-5 signal that is modulated by 400, 1,300 
transmitter in the dump near 
home when I was a kid, kept it, 
and as knowledge came in with 


age, restored it to operation. It is 
still sitting on my shelf today. 
This little ARN-12 receiver | [si : 2 

does not do much, it picks up a | § : os THAD TELEVISION CORP ASBURY PARK 1. 
signal, lights a colored light, gives | | : 
a tone output into a headset, and 
that’s about it. To quote the 
Graphic Survey of Radio and |} 
Navigation Equipment Used by the ae Se 
Army Airforce, dated 1 May, 1945, | | PL-259A 
“Marker Beacon Receiving Set G 
AN/ ARN- 12 is a lightweight 
airborne marker beacon receiver 
utilizing a superheterodyne type 
circuit with a crystal controlled 
oscillator. It is designed to give 
aural and visual indications when 


Figure 1: The front of the receiver is shown with its only adjustment under the screw 
cap held with a chain. The unit originally fit into a rack that held it in place by 
securing the metal lip protruding from the bottom front and back edges. 
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and 3,000 cycles. The receiving set is 
designed for operation from the aircraft 
24 volt DC system. A filter is required for 
selection of indication of 400, 1,300 and 
3,000 cycle modulation. This is provided 
in a separate unit which may be installed 
or omitted depending upon the mission 
of the aircraft.” 

To describe in detail the function of a 
normal instrument landing system (ILS) 
would get involved so | will condense 
somewhat. While the technology has 
changed, the basic function and elements 
are similar from the 1940s onward. The 
standard complete instrument landing 
systems are made up of a VHF localizer 
transmitter and yagi antenna array located 
beyond the stop end of the runway, a 
UHF glide slope transmitter with a tower- 
mounted antenna array of 2 or 3 corner 
reflector style horizontal dipoles, located 
to the left or right of the runway at the 
touchdown point, and up to 3 marker 
beacon transmitters, outer, middle, and 
inner, using a variety of antenna styles. A 
unique bend of signal occurs with the 
glide slope array, the upper antennas on 
the tower are slid toward the runway on 


SSS 


SS 
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Figure 2: MFP was applied everywhere and 6AJ5s were the tube of choice. 


their mounts a specific distance, and this 
makes the glide slope signal appear to 
radiate from the centerline of the runway, 
which assures a steady signal all the way 
to touchdown. In today’s world of 
commercial airliners, computers land the 
planes with the pilot sitting as an observer 
ready to take over if needed. In what is 
called the “coupled approach” where these 
ILS signals are decoded and used to fly 
the plane, means.any variation in the ILS 
signals can have a direct effect on an 
aircraft's height and direction. The 
marker equipment’s original function, 
when the pilot landed the plane, was to 
give an aural and visual indication of 
distance from the runway threshold that 
is not intrusive to the pilot’s concentration 
while he’s attempting to land at night or 
in bad weather while maintaining 
centerline alignment as given by the 
localizer equipment, and angle of decent 
as indicated by glide slope equipment. 
The three marker reference points 
coincide with a particular altitude the 
aircraft should be at when it passed over 
the marker. The markers were spread out 
along an extended runway centerline; 


SS 


SS 
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Figure 4: This left-side view shows the two main sensitivity adjustments. 


the outer marker is located approximately 
5 miles from runway threshold, the 
middle 3000 feet out, and the inner at 
1000 feet, as measured from the 
threshold. As the aircraft approaches the 
runway, the pilot receives a 400 Hz 
modulated series of dashes over the outer 
marker anda blue light flashes in sequence 
with those dashes, a 1300 Hz series of 
dot-dash over the middle, which flickers 
a yellow lamp, and a 3000 Hz series of 
dots over the inner that blinks a white 
light. At the same time, the pilot is also 
hearing the CW ID of the localizer system 
he is coupled to, the glide slope does not 
ID as it is considered unusable if the 
localizer is off. 

Many runways have an ILS for each 
end but only one opposing localizer can 
be on ata time. Glideslopes, on the other 
hand, do not normally get turned off. 
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Many modern ILS systems have been 
removing these markers and replacing 
them with distance measuring equipment 
(DME) that operate in the 1 GHz range, 
giving an accurate distance to the runway 
displayed on the modern screen readout 
— instead of flashing lights or headset 
audio. A side note here, the “Locator 
Outer Marker” (LOM) you may have 
listened to on the VLF band is called that 
because it is collocated with the outer 
marker and usually has only a 2 letter ID. 
If there is no marker associated with it, it 
is Just a non-directional-beacon, NDB, 
and has a three letter ID. Many of those 
are being decommissioned also, but at 
the same time new NDBs are still being 
installed even in this GPS world. I’m 
guessing nothing is as reassuring as having 
a needle swing on a dial and say, “fly this 


»”» 


Way. 


I received this ARN-12 from Ken 
Woodard (WA4BVW) who was clearing 
out his barn about 2 years ago. Upon 
discovering its use, and after spending a 
lifetime working on avionics and ground- 
based navigation and communications 
gear, this was my first actual possession 
of a piece of ILS equipment. The only 
real info I found was from the above 
mentioned survey document, which is 
still on-line. Schematics were no where 
to be found and I looked a lot — until one 
day when I again put in “ARN-12 
Schematics” in a search engine, and it led 
me to ABE Books. They had a book, they 
accepted my $10 offer, and upon receiving 
it I found out it was an original school 
schematic book from the 3499" Mobile 
Training Wing, Scott Air Force Base, for 
the receiver containing an overall 
schematic and schematics-by-stage 
functions. It also included resistance and 
voltage check data, along with data on 
other components, but no theory of 
operation or alignment procedures. As 
noted above also, it takes another unit for 
demodulating the tones that drive the 
colored lamps; I have found no 
information on that unit. At first, the 
power connector was a bit of a problem, 
I had to sort out WWII Cannon 
connectors versus modern identifications, 
but eventually I learned everything I ever 
wanted to know about correlating older 
Cannon plugs, their pinouts, shell and 
cable clamp types — enough to actually 
order the correct, modern mating 
connector. 

Circuit Design 

[Editor’s Note: The schematic is too 
large to be legible in these pages, but we 
will send it by email upon request.] 

The R-122/ARN-12 tube complement 
consists of two 28D7s, two 6AL5s, and 
five GAJ5s. It runs only on 24 VDC, 
draws about 72 watts and is basically an 
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AM receiver. The schematic shows the 6 
volt tube filament series connections with 
the 28D7 tubes on full 24 VDC. The 
receiver has a specified sensitivity of 500 
to 1500 microvolts, set by the “Sens” 
toggle switch. I am guessing this was for 
the difference between the Army spec of 
10 to 4000 feet and the FAA 100-35000 
feet requirement. Again, this is not a 
communications device, its only function 
is to pass an audio tone to a headset, and 
turn on a light. The actual marker 
transmitter site has an antenna that 
radiates a horizontally polarized signal 
straight up of a certain width and 
thickness; width, such that you have to 
be reasonably in alignment laterally with 
the runway to receive it, and thickness as 
you travel through it that you will have 
sufficient signal to give you more than a 
cursory beep or lamp flash — making you 
question if you actually flew over the 
beacon. At one time, these marker signal 
dimensions were accurately checked by 
flight inspection aircraft, and radiated 
power or type of antenna were changed 
to make the pattern meet specs. The 
pattern size for the middle and inner 
markers were extremely important for 
parallel runways that had an ILSs on for 
each runway at the same time, and 
sometimes proximity even forced the 
ground stations to have their carriers 
offset high or low to avoid picking up the 
wrong marker if slightly left or right of 
course using the capture effect principle, 
but not so far off that the beacon receiver 
may not function reliably. Congested 
airports have their keying synchronized 
to avoid a cacophony of keyed signals. 
It is just a basic superhet with two IF 
stages. V104, the GALS, detects on one 
side and generates AGC in the other that 
only feeds the mixer’s grid. One thing 
not normally in a superhet is the relay 
driver tube, V106, one half is a second 
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Figure 3: They must have dipped this chassis in MFP because it’s everywhere. 


Beautiful construction, and all critical circuits are shielded. 


AF amp, the other half keying K101 to 
send 24 VDC out to the remote indicator 
panel in the aircraft console via Pin “F” 
of J103. K101 keys the lamp circuit only 
by detecting the modulation, not the 
frequency of the modulation, and keys 
the lamp in the dash-dot/dash-dot rate 
as-received. K101 does not key on carrier 
only. The “filter unit” mentioned earlier, 
actually steers the keying signal to the 
appropriate color lamp by detecting the 
tone frequency provided via the audio 
out stage. Pin B is the Hi/LO sensitivity 
setting, grounding B sets it to HI. The 
other connections are power inon Pin D, 
ground on Pin A, and audio out via Pin 
E. Audio out is set by the front panel 
screwdriver adjusted pot under the screw 
on cover, I left it at max. After getting the 
receiver going, using basic alignment 
procedures, test point “A” for oscillator 
activity and test point “B” for AGC action, 
it’s tuning was found to be spot on, it was 
determined that K101 was not pulling in 
and turning on the lamp. The relay turned 
out to be stuck, and a few sharp raps and 
it began to work as it should. There is a 
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spot under the second IF amp that has 
R115, R114 and 3 places marked H-N- 
L for jumper changes, my guess here is 
another method to set receiver overall 
gain to keep it from being too sensitive, 
along with CR101A and B in the cathode 
being fed from 24 VDC as a form of 
regulated bias. 

A few days after first firing it up, the 
receiver quit working, requiring a lot of 
signal from the HP-608 to make it re- 
ceive anything. A quick check of the 
tubes indicated all filaments were burn- 
ing. Out came the tube checker for alook 
at the GAJ5s. Turns out V103, the sec- 
ond IF amp, while the filament was aglow 
it was dead as a post — not even a flicker 
on the tube tester meter, perhaps an open 
cathode or plate lead, maybe caused by 
rapping the relay. A 6AK5 was tried and 
the receiver came back to life, and an- 
other GAJ5 was ordered from ESRC. 
6AK5s will probably work OK for its 
demonstration purpose in life now, but I 
wanted to be faithful to the unit with the 


proper tube installed. The filament draw 
through the 6AK5 did must be about the 
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same as the GAJ5 and 
there was not much 
change in the series 
filament readings 
across tubes. 

With the unit up and 
running, the HP-608 
sety to «2 Mcuand 
modulation at 90%, 
which is nominal for a 
marker beacon trans- 
mitter, and not having 
moved the sensitivity 
set pots (leaving them 
as-found), with sens at 
HI , 450 pv lit the 
lamp, and 1400 pv on 
LO lit the lamp. The 
400 Hz audio from the 
HP-608 could be 
heard at 10 pv on HI 
sens and 30pv on LO. 
Interestingly, when 
modulated with 1000 
Hz, the signal could be 
heard at 5 pv on HI, 
and 18pv on LO sensi- 
tivity. Of course, that 
may be speaker re- 
sponse or my hearing 
affecting that reading 
— too many jet engines 
perhaps? Back in its 
surplus days of abun- 
dance, in the hands of 
a frugal and competent 
ham, modifications to 
make it function as an 
actual communica- 
tions receiver, opening 
up its full sensitivity 
potential, and having 


Amphenol 
97-3106-18-S 


GND Plug 


HI/LO Sens 


SPKR 


Figures 4 and 5: A homebrew control unit was made from 
scrap metal and a chassis with hand painted lettering. 


an audio circuit that was designed to pass I built the small control unit pictured 
400 to 3000 Hz, would probably make it (Figures 4 and 5) to power up the receiver 
a fairly nice 6 meter receiver. with toggle and lamp, to set high-or-low 
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Figure 6: The ARN- |g gett 
12 is shown with the 
BC-376 test set. 


sensitivity using a 
toggle switch; and to 
give an indication of 
receiving a signal with 
the yellow lamp, and a 
speaker to hear the 
modulating tone. It’s 
somewhat ironic that 
it is built on a chassis 
from. an outdated 
phase adjuster from a 
Wilcox glide slope 
transmitter, and the 
indicator lamps from an old GRN-27 
localizer transmitter that I had scavenged 
many parts from before it was sent to the 
shredder. I spent many an hour in the 
middle of the night trying to get a GRN- 
27 back on the air after a failure. Since it 
was a French design copied by Texas 
Instruments, it always gave it up at the 
most needed time (pun intended), like a 
driving rainstorm or pea soup fog, but 
seeing it go to the scrap yard by orders, 
could not be sold, was like watching an 
execution of an old friend. 

Another item Ken gave me was a BC- 
376. At the time I did not know what it 
was for, but it turned out to be the test 
equipment used to check the ground 
based marker transmitter or the airborne 
receiver when installed in the aircraft. It 
could be cabled directly or simply placed 
near the marker transmitter, or the 
aircraft, and received and analyzed. It 
radiated a test signal to check the entire 
ARN-12 operation from antenna to 
indicator lights. It supplies an accurate 
75 Mc signal with three different switch- 
selected modulation tones, along with 
the capability to measure RF frequency 
as a heterodyne frequency meter. 
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Thankfully, there was a schematic on the 
back apron of the test set, the book I had 


for it was a unit that used miniature 1.5 


volt filament tubes, while my version had 
octal tubes. Repairs to this unit required 
the stuck meter to be removed, taken 
apart, and the metal filings between the 
armature and magnet removed. Cap and 
resistor check indicated nothing seriously 
out of sorts, even though it did have a 
blown B+ fuse. It came up and ran on 1.5 
VDC filament power supplied by two 
paralleled “F” cells from a lantern battery, 
which are half-again-bigger than “D” 
cells, 90 VDC from the bench supply, 
and with the BC-376 feeding the ARN- 
12 direct through cable and attenuator, 
happily decoded its signal. 

So that’s the story of this little receiver, 
now on to the next thing to save in my 
collection, something that was still in the 
US Navy inventory and used in 1971: an 
ARN-6 with all the accessories — except 
the mounting rack. Anybody have one? 


Et 
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Conversion of a Tube-Type 11 Meter (CB) Rig for 
10 Meters 


By Phil Legate, ACOOB 
Marion, IA 


are@reagan.com 


According to the “Mortal Journey” 
website’, Al Gross invented the CB radio 
in 1945. During the “Oil Distribution 
Crises” of the 1970s, the demand for 23 
channel Citizens Band radios increased 
because the national speed limit was 
lowered to 55 MPH and travelers wanted 
information on fuel supplies and potential 
speed traps. 

The maximum CB transmitter power 
input was 5 watts and the range of output 
power was typically 3.0 to 4 watts of 
carrier, depending on the efficiency of 
the final stage. With the transition from 


tube to solid state circuitry, these sets 
became smaller, lighter, and required less 
power than did the older switching power 
supply or “vibrator” sets. Earlier sets were 
crystal controlled using 4 to 23 HC-6 
crystals, while later sets used PLL circuits 
with only 1 or 2 crystals. 

Up to 1985, a license was required to 
operate a CB set. In 1985, due to a lack 
of sufficient personnel for enforcement 
of the then current rules, the FCC set 
aside the licensing requirement’, so this 
“Channelized” band became a no-license 
band. Later, the number of channels was 
increased to 40 channels with the SSB 
mode also being authorized. 

I seem to be a magnet at hamfests for 
vintage gear and a gentleman offered me, 


Figure 1: This is Raytheon 4-channel “Ray-Tel” CB transceiver that was converted 
to 11 meters. 
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gratis, one of his four tube-based CB 
radios — so I chose a Raytheon 4-channel 
“Ray-Tel” (Figure 1). Since I am not a 
CBer, what was I to do with it? As amateur 
operators do, experiment with it in an 
attempt convert it to a 10 meter ham rig 
for the AM frequencies of 29.00, 29.005, 
and 29.010 MHz! 

It should be noted that many amateur 
radio manufacturers also produced CB 
radios including EF Johnson, 
Hallicrafters, and Heathkit. 

This article describes the conversion 
and the circuit modifications needed, 
with the circuitry being typical of many 
CB sets of this era. 

The Raytheon 4-channel “Ray-Tel” 
set is a single conversion transceiver 
containing 8 tubes: A 12X4 rectifier, a 
12AU6 RF amplifier, a 12BA6 IF 
amplifier, a 6BJ7 detector, a 12CR6 
“summing” audio amplifier, a 6U8 
oscillator-mixer, a 6CX8 (6GHF8) 
oscillator-final, anda 12AQ5 modulator/ 
audio amp stage. This set has a power 
transformer to accommodate both AC 
line voltage and a vibrator circuit for 12 
volt DC operation. Power output with a 
new set of NOS tubes and after alignment 
was 3.75 watts. I ordered a set of HC-6 
crystals for the three frequencies 


mentioned above from a UK supplier? in 
anticipation of this conversion. Consider 
ordering ahead of time since there is a 
20-day lead time and postal delays 
between the UK and the US. All crystals 
are fundamental frequency types with a 
30 pF load capacitance specification. 
Receive audio quality and modulation 
audio are quite good for Heising 
modulation and a carbon microphone. 
Power Supply Modifications 

The filament string and power supply 
circuits are shown in figures 2 and 3. The 
AC voltage on the filament string was too 
high at 121 VAC so two metal oxide 
power resistors were added to reduce the 
voltage. 

Power supply hum and buzz were 
minimized by increasing capacitance and 
resistor values. The vibrator was removed 
since only 121 VAC operation was 
anticipated. Remarkably, the switched 
power supply (vibrator) still functioned 
on a battery supply. 

Figure 4 is the receiver's working, 
modified oscillator-mixer. In the original 
schematic, and as the actual factory circuit 
showed (the dotted line), the 125 volt 
supply went directly to the screen grid of 
the pentode, so no way did this receiver 
ever function correctly! The crystal 


— 


13.5V@2.33A 


count T2s 0.9A 
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Figure 2: This is the Raytheon filament string, showing the filaments only. 
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Figure 3: Here is the solid-state Raytheon power supply drawing. 


frequency is the channel frequency minus The final’s circuit is shown in figure 5 
455 kHz to produce the IF frequency. andisa6CX8 ora GHF8 triode-pentode. 
The only real tweaking needed is to peak _—_— Either tube will work. The GHF8 showed 


the two IF transformers. The receiver is no increase in power over the 6CX8. On 
quite sensitive for a single conversion _—_ key-up the V7 cathode is at 125 volts to 
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Figure 4: This is the modified 6U8 oscillator/mixer stage, see the text. 
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Figure 5: The final amplifier now uses a 6CX8 or GHF8. 


operation. Conversely, on key-down, the 
microphone’s PTT switch grounds the 
cathode. The final stage feeds a pi-net 
circuit via CO. 

One component change and two 
additional components were made here. 
Increasing the value of R24* allowed a 
higher oscillator voltage and more drive 
to the pentode. Since the B+ was higher, 
a 1.1-k resistor was added to tame the 
triode’s plate voltage. A power robbing 
secondary coil was wound around the 
output circuit's L12 parasitic suppressor 
(not shown) to indicate transmit 
operation. Removing this coil and 
indicator bulb resulted in an increase of 
0.6 watts of output power. 

A 15-ohm resistor was placed in series 
with the crystal lead to dampen any 
parasitic’s and to reduce crystal current. 
The crystal frequency here is exactly 
the crystal frequency, so 2X frequency 
multiplication is accomplished in the 
triode’s plate circuit using L8’s inductance 
and its distributed capacitance. To 
increase the frequency of operation, L8 
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has to be adjusted to its lowest inductance 
setting and C6’s pi-net capacitors, A8 
and A9, (variable mica trimmers not 
shown) have to be adjusted. Point “B” is 
the grid leak resistor point for the final 
and is monitored when adjusting the L8 
coil. C3* was increased to stabilize the 
final’s cathode voltage. Output power is 
now 2.8 watts or about 73% compared to 
operation at the lower frequencies. 
Average modulation percentage of 100% 
is easily attained as modified with the 
original carbon microphone, and I think 
this is due to both plate and screen 
modulation. 

Further experimentation with different 
values of L8 and L10 may result in slightly 
higher power outputs but I doubt any 
major power increases will be seen. 

Addition of a Relay Circuit 

A relay circuit was added as depicted in 
Figure 6 to externally key a power amp 
and to provide transmit indication. Since 
we removed the 2.0 volt #49 indicator 
lamp and the L12 secondary coil, we 
needed a method to indicate transmit 
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Figure 6: The Raytheon now has a relay driver to key external equipment. 


operation. The new bayonet base lamp is 
now a #1815 lamp‘. 
Summary 

I am sure the question is, or has been 
asked during the reading of this article, 
“Why modify a ‘chicken band’ transceiver 
in the first place?” 

There were three reasons that I hope 
will quell all fears: 1) We have a local 10 
meter AM group and, 2) I want to be 
ready for improved 10 meter conditions 
when-and-if it happens, 3) tube type 
conversion is more straightforward than 
attempting to convert the later solid state, 
PLL CB transceivers. 

Additionally, if one is concerned about 
the output waveform and distortion, the 
internal pi-net circuit does an excellent 
job of quelling any emissions outside the 
confines of the frequencies used, as shown 
by my spectrum analyzer. 

Future plans are to install a stereo jack 
for audio and keying and use a dynamic 
microphone. 

Interested parties can email the author 
for a complete set of original schematics, 
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all of the modification schematics, and 
parts lists if they have further interest. I 
also have a schematic for a microphone 
amplifier if one decides to use a dynamic 
microphone. 
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Tube Lore II: 
A New Book Review 


After being out-of-print for many 
years, Ludwell Sibley has released an 
updated version II of his classic book on 
electron tubes. Tube Lore II is an 
excellent reference to electron tube 
history and tube production. I was not 
able to find any tube type that is not 
listed! 

This new version is 288 pages of text, 
102 more pages than the original version 
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Hi Ray, 

A footnote to the note from W1LSB about the “Transmitter That Never Was,” ER 
Mailbag, #359 April 19 issue. The Doherty system was able to amplitude modulate 
without iron in the system. With no modulation transformer, that would allow for 
overall negative feedback (no iron, no audio phase shift) in the transmitter and 
distortion numbers dropped from 5% to a fraction of 1% and produced “hi-fi” audio. 

A second bonus was efficiency overall. 

Western Electric (Northern Electric in Canada) used it in the late forties (443- 
AR?) and Continental in the sixties and on, in their 316-F and 317-C series 
transmitters (10kw and 50 kw tx’s). 

For set-up, a ‘scope was used to align the phase shift patterns in the grid and plate 
circuits. Set-up was fairly easy. However, frequency excursions were onerous. On the 
broadcast band you never did that! Unless it was 5 cps or less, hi! 

In the AM stereo years, the distortion numbers were excellent into a dummy load, 
but operating into a complex impedance (antenna array) made setup for stereo a 
complex and iterative process. 


Keep up your good work and reading ER is good as amateur radio gets! 
de Don Trueman, VE4AY 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 

Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 
40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 kc daily, Mornings Only at 6:00 AM MT MT, QSX 
are 


ine: Sunday 14.263 Mc @ 2000Z. SSB nets 


held Tue. g Fri. 3775 ne 8:30 - 10:00 nt fee aR 3895, aa PM PT. T. The CCA First: Wednesday AM Night has 
been on hold until September due to heavy static levels. For Sept. check + 3880 kHz at 6 - 8 PM in the East, 7 PM in the 


Central-and 8 PM in the Mountain and Pacific time zones. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WBOIQK), Doug (W9IDCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 
KHz +/- QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Kc @ 0800 AM, ET on Sun. QSX op is Mike (N8ECR), with alternates. 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, W1GUD 

Fort Wayne Area 6-Meter AM net: Meets nightly @7 PM ET on 50.58 Mc. Another long-time AM net, meeting since the late 
“50s. Most members use vintage and homebrew equipment. 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6HQI Memorial 20 Meter Net: Flagship AM net 14.286 Mc daily for 25+ years. Check 5:00 PM Pacific Time. 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3K YR) 
Midwest Classic Radio Net: Sat. morning 3885 kc @7:30 AM, CT. Only AM checkins. Swap/sale, hamfest info, tech. help 
Mighty Elmac Net: Wed. nights @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc. QSX: NSECR 
MOKAM AM ers: 1500Z Mon. thru Fri. on 3885 ke. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 ke. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. QSX op Paul (W1ECO) 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/- QRM. QSX Ted, W3PWW. It isn’t necessary to 
check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc +/-QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill (W4WHW), 
Jay (WB6MWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. QSX Lynn (K5LYN), or Adolph (WASIGG) or 
Vince (WB4BPS) 

West Coast AMI Net: 3870 kc Wed 7PM PST 8PM PDST. Early check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
control rotates: Brian (NI6Q) 1st Wed, George (WA6HCX) 2nd Wed, Sharon (K6IRD) 3rd Wed, Steve (KF6SYD) 4th 
Wed, Vic (K6IC) if 5th Wed ina month. 

Westcoast Military Radio Collectors Net: Sat.@ 2100 Pacific Time 3985 kc +/- QRM. QSX W7QHO. www.mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 


Wireless Set No. 19 Net: Second Sun. 7270 ke (+/- 25 Kc) @ 1800Z. Alternate 3760 kc, +/- 25 kc. QSX Dave (VA3ORP). 
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CLASSIFIEDS 


Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. 


How to SubmitAds: WEGREATLY ENCOURAGE ALL ADS TOBE 
SENT BY EMAIL. Ads are printed the way they are received. If an ad 
must be sent by regular mail, neatly print or type the information so it 
is LEGIBLE. Ads that are not legible will not be included. We are not 
responsible for ads sent by mail that are lost by the postal system or ads 
that are not legible. Not all readers use email, so include phone 
numbers if a response is desired. 


Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Please email for the display ad rates, they are different 


from regular classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as above. If you 
are over 20 words, send payment for the extra words at 20 cents 
for each word by check or money order in the mail, or via PayPal. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. a 
Electric Radio va 
PO Box 242, Bailey, Colorado 80421-0242 
Ray@ERmag.com (Emailed ads are preferred.) 
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MANUALS FOR SALE Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or best- email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: KC@KT auction on site 24 
August 2019:30 years of collecting from 
Dayton, Los Alamos labs, etc. Collins, 
Genrad, National, Hallicrafters, Drake, 
John Leary SP-600’s, etc. Over 62 prime 
specimens. Please let me know if you are 
coming. Location is just north of Rapid 
City. Richard P. Renka, KCOKT, 11400 
Lofty Pines road Blackhawk, S.D. 57718 


FOR SALE: Collins KWS-1, Heath RX1 
TX1 HA10, Hallicrafters SX101A HT32 
HT33A, HT37 HT41, Radiomarine 
CRMR1A CRMR6 AR8516, HROSOR & 
60R. Pick-Up ONLY; no fair offer refused. 
QSL W5JV, Doug Hensley, 5678 College 
Drive, Baton Rouge, LA 70806 or https:// 
www.arz.com/db/W5JV. 


FOR SALE: EF Johnson Desk KW with 
optional Desk. Extremely clean. New 
replacement linoleum top. 100% 
performance, no issues, no 
modifications. You won’t find a nicer one! 
E-Mail for Pictures. $2900 pick-up. Pete, 
Huntington Beach CA, (214) 212-0979, 
k5pz @arrl.net 


COLLINS 
New Model 1000A 
Works With All 
Receivers 
51J Series 
51S-1 
75A Line 
75S Line 
KWM2 


R390 
$275 + $15 S&H 
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DIGITAL VFO ALL OE & wists R4 SERIES 


Easy Plug-N-Play Installation, Just Plug In The Cable 
THIS IS A DIGITAL VFO « NOT JUST A DIGITAL READOUT 
More Info & Order At kk4pk.com 


FOR SALE: WRL Globe King 500C AM 
Transmitter. Extremely clean. 100% 
performance, no issues, WOVMC audio & 
RF screen modifications, otherwise no 
modifications, original parts. You're not 
going to find anicer one! E-Mail for Pictures. 
$1900 pickup. Pete, Huntington Beach 
CA, (214) 212-0979, k5pz @arrl.net 


FOR SALE: Collins 75A-4 Receiver. 
Excellent condition and has all 3 filters. 
Great cosmetics and performance, $700. 
Ed Fluehe, WA7DAX, 529 E Moss Creek 
Dr, Salt Lake City, UT 84107, 801-598- 
9217 


FOR SALE: BC-610F Modulation 
Transformer. Herb, K9GTB, 1727 S. 
Rodgers Ave, Alton, IL, 62002 1-217-851- 
1285 


FOR SALE: Gates BC1-H Broadcast 1KW 
AM Transmitter. 100% performance on 
1240 KHz, good condition, includes spare 
833 tubes. E-Mail for Pictures. $990 
pickup. Pete, Huntington Beach CA, (214) 
212-0979, k5pz @arrl.net 

FOR SALE: PE-103-A Power Unit (2 With 
Cables) / Dynamotor (1); Condition Good; 
Charles Hallock AASWS; Accokeek MD; 
You pick-up, $50 selbynet@ hotmail.com 
QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


DRAKE 
All Tuning 
Is Done With 
The VFO 1000 
Providing 
Complete 
Digital Control 
For Highest 
Accuracy And 
Stability 
$250 + $15 S&H 
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JULY/AUGUST 2019 
HAM RADIO AUCTION 


This auction promises an excellent offering, including a 
beautifully restored Johnson Viking Five Hundred, 

Collins 75A-2, 75A-3, Drake L-4B Amplifier, B&W 5100B w/SSB adapter, 
Hammarlund HX-50A w/160M option, Hallicrafters SX-115, 
National NCX-1000, a complete Wireless Set No. 19 Mark II 

and a hard to find Heathkit SS-9000 Transceiver. 
Over 200 LOTS in all! 


July 25th @ 7PM CT - Aug. 8th @ 7PM CT 
Nationwide Shipping Available 


For more exceptional vintage gear, radio repair and service, 
visit our business partner at www.xhradiolabs.com 


SC a U L vi AN 73, David Schulman, WO@ERU 


816.455.5520 or 913.568.3767 


AUCTION & REALTY, LLC david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 
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FOR SALE. Hallicrafters model S-40 
Good condition working with manual $75 
or best offer. Perfer pickup. Bud, Gross 
Cottage Grove Mn. 651-459-3233 
wObyg @ aol.com 


FOR SALE: Rare Hammarlund HQ-210 
receiver, Hammarlund’s only solid-state 
receiver. Very few produced. This one is in 
outstanding condition, both cosmetically 
and functionally. Has both AM & SSB 
filters, and several extra crystals. Photo 
available. $700 plus shipping from SoCal, 
or pickup welcome. Ron, 
K2RP@ARRL.NET or 760-436-8109. 


FREE: Just pay UPS ground shipping for 
Tektronix 495P and 2753P programmable 
spectrum analyzers. Everything on 495P 
works, except the display levels suddenly 
became 20GB low. The 2753P lost vertical 
deflection and I’ve decided to not repair 
them. Both have Tek manuals. Ray, 
N@DMS at 720-924-0171 or 
Ray @ERmag.com 


FOR SALE: R390A front panel; Collins S 
line 6 kHz filter, SW3 with coils, PS, HB 
speaker, unbuilt Heathkit, All reasonable 
prices. Carter Elliott. 1460 Pinedale Rd, 
Charlottesville, VA 22901. 
celliott14@aol.com, 4384 566 8767 


FOR SALE: Jukebox AMI 1948 Model B 
needs repair pick up only with manual 
$390 Toshi Yamada, 7107 175th PL SW, 
Edmonds, WA 98026 ja1ftc @ hotmail.com 


FREE:—Youpickup—Bob Lackey, W4QBE 
1252 Worley Creek Road Lakemont, GA 
30552 bjlackey @windstream.net Phone: 
706:782-3670 25 years plus QST, World 
Radio, Call books 


SACRIFICE: Japanese manuals for Trio 
TR-599 receiver and TX-599 transmitter, 
just pay the postage. Louis D’Antuono, 
WA2CBZ, 8802 Ridge Blvd, APT C-2, 
Brooklyn, NY 11209 718-748-9612, Call 
After 6 PM EST 


FOR SALE: Parting out RCA BTA-250L & 
Elcom/Sparta 701 (1kW) AM transmitters. 
Dennis, W7TFO, 602-710-0803 


dennisgilliam @ gmail.com 
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FOR SALE: Tubes, send your want list, | 
will respond if | have it. Carl Weibezahl, 
305 Belvidere Ave, Washington NJ 07882 
908-689-3276 


FOR SALE: Amateur Band FT243 crystals, 
hc6u, FT171B, hc49 etc. Crystal sockets 
and more. Brian Carling, AF4K 
CRYSTALS, 117 Sterling Pine Street, 
Sanford, FL 32773 USA. TEL: 321-262- 
5471 http://af4k.com/crystals.htm 


FOR SALE: SSB Adapters for Collins 51J, 
R388, 75A, R390, Hammarlund SP600 
series receivers. 
www.treetopcircuits.com 


radio @treetopcircuits.com 613-449- 
7931 


FOR SALE/SWAP: Handbooks: ARRL, 
RSGB: Editors & Engineers; Catalogs: 
Allied, Lafayette, B.A., Walter Ashe, WRL; 
Magazines: QST, 73, CQ, Ham Radio, 
Popular Electronics, Radio News. NI4Q, 
POB 690098, Orlando, FL 32869. 407- 
351-5536, ni4qg@juno.com 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE: VINTAGE ALPHAAMPLIFIER 
OWNERS! New replacement front panels 
and covers for Alpha 76A, 78, 374A, 77Sx 
and te ADE Available from 
www.islandamplifier.com or contact John 
Stanford, KF6l, directly at 
wb8svn @ gmail.com or 714-412-7399 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WA5UEK 
cosmophone @ yahoo.com 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100!G. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 
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on the BFO. 


_DRAKE OWNERS: Solid State LED Lamp 

replacements for all 4-line and 7-line 
equipment. Don, N9OO, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill. riches @ verizon.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH, hittp:// 


TomsAntiqueRadioRepair.com 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. ~ 
iS 


SSB Adapters from Treetop Circuits 
e Available for Collins 51J3/4, R-388, R-390(A), 75A2/3, Hammarlund SP-600 
¢ Installed in Receiver and Powered By Receiver 

¢ Control functions, look, and feel are unchanged. Adapter is activated when you turn 


¢ SSB performance is greatly improved. 
We recommend you visit www. treetopcircuits.com for complete manuals. 


Email: radio@treetopcircuits.com Phone: 613-449-7931 


Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaledp @yahoo.com 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @sbcglobal.net, 501-282-2991 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, KANYW, 
navy.radio@ gmail.com 


UHF & More 
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RF Connectors & Gadgets 


www. W5SWL.com 


Specializing in RF Connectors & Adapters - BNC - C - DIN- FME-N-SMA-TNC- 


Attenuators - Loads & Terminations- Component Parts- 
Hardware- Mic & Headset Jacks 

Mounts - Feet - Knobs- Speakers - Surge Protections - 
Test Gear Parts- Tools 


W5SWL Electronics 
PO Box B 
Mulberry, AR 72947 


www.W5SWL.com 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 


limited warranty. We now have 14,000 satisfied 


www.ezhang.com 


Call Today! 


customers around the world! 


304-856-1026 


WANTED: HQ-120, SX-25, SX-71 forlocal 
pickup. State cond. and price.Tom, 
w3bym1 @ gmail.com 

WANTED: Collins 30S-1 amplifier red HV 
indicator lens p/n 262-0626-000 or 
complete holder w/lens p/n 262-0627- 
000. Don Benecchi, K1DC Dothan, AL 
Ph:344/446-4034, Email: 
don.kidc @gmail.com 

WANTED: Brown Bros. CSA, ES, “MTL’, 
prototype keys; any BBMC literature, 
advertisements, scans, photocopies. 
Robert Baumann, WV@Z, 1985 South 
Cape Way, Lakewood, CO 80227, 303- 
988-2089, WVOZ@ARRL.net 


WANTED: Kaar KE-23A receiver in 
restorable shape for Novice station. Steve, 
K@XP, 28035 Via Tirso, Mission Viejo CA 
92692 kOxp@kOxp.com 


WANTED: | need two, 5 volt filament 
transformers for Bauer 707 Chicago F- 
530 Bauer #3269009. Mike, 
k7odq @hotmail.com 541-764-5764 


WANTED: Three OC3 Regulator Tubes. 
Herb, K9GTB, 1727 S. Rodgers Ave, Alton, 
IL, 62002 1-217-851-1285 


WANTED: 75A-1 for restoration. Any 
condition, non-working OK. Roger, 
w7kvt@centurylink.net. 503-623-3289 
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WANTED: Manual & schematic for T-60 
60 kHz Time Code Receiver by Specific 
Products of Woodland, California. 
Whitham Reeve, whit@reeve.com, +1 
907-538-4663 leave voicemail. 
WANTED: Henry 2K parts unit/project rig. 
Contact Ron: ab5wg @satx.rr.com 
WANTED: Schematics for Vico (Video 
Amplifier Company) models 77,87,88, or 
89 hi-fi amps, circa 1958. Mike Zuccaro, 
858-271-8294 

WANTED: Collins 4:1 Vernier knob, 
complete. Roger, w7kvt@centurylink.net, 
503-632-3289 

WANTED: Tektronix TM500 series SW503 
sweeper. Al Royce, 951-734-0623 
oscar873 @ aol.com 

WANTED Gonset G-76 AC Power Supply 
Mode; 13349 in ANY condition. Bob Davis, 
Al4GE, 334-275-8292 
beepbeep49 @ bellsouth.net 

WANTED for Mackay 3007-A receiver 
restoration: Schematic, parts list or any 
other documentation for this late ‘50’s 
shipboard MF-HF receiver. Tom 
w2ila@cox.net 401-965-8730 
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WANTED: Please Help! | need a 500 Hz 


Dave Curry Longwave Products filter for 


the R-390A. Roger, 
w7/kvt@centurylink.net, 503-623-3289 


WANTED: RME transmitter parts, info pre- 
1945 Jeffrey KD2AZI 
RadioArtistry@ gmail.com 

WANTED: Dynamotors DM21 dead or 
alive. Also BC-918, part of RC 58B FAX 
machine. Steve Bartkowski, 708-243- 
V712a 


SERIVICE FOR SALE: Racal tube 
equipment RA17 etc., RCA AR88 and 
Collins TCS. brian@kf6c.com 760 809 
7827. 


WANTED: Command Sets BC-942 and/ 
or ARC-15 receivers. For rebuild, 
reasonable condition and price. Skip 
Magnuson , W7WGM, 13906 N Minihdoka 
Trail, Spokane, WA 99208, 509-468-2502, 
magnuson @ mac.com 


WANTED - WRL Globe VFO V-10. Email 
details to bertgarcia73@gmail.com 
WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@ aol.com 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 


WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES” by George 
L. Graveson. Also “The OSS Comm Vets 
Papers, Second Edition.” 
daveg3uur @ gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB40GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: Collins promotional literature, 
catalogs and manuals for the period 1933- 
1993. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA 91355. 818-519-4419. 
jstitz @ pacbell.net 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: Collins Manufactured Tubes 
ca 1936-1938- Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: 1930's civilian airline radios 
air or ground station use- Any radios or 
test gear used by FCC Hallicrafters etc- 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@gmail.com, 704-657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 
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Hayseed Hamfest LLC - Cedar Rapids, lowa 


CAN CAPACITORS 


can-caps.com 
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ZIM ELECTRONICS INRUSH SAME Dd LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in two versions: 


Model AB-1M, (With Voltimeter),.......ccccssscssscssscssscsssccssecseess $3995 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
Shipping, each limiter ...............csecesssesrserrres, $7.50 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such Ree vas In ree rates 
damage. They are not intended to be used as a voltage- Models AB-1M, AB-300M 
reducing device. The AB-1M is 150W. All models : 


come with a full money-back guarantee. Electric Radio Store 
720-924-0171 


Drake Manuals on CD 
The R.L. Drake manuals that were 


compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 


Series 1 + Disk 1 
RL, Drake Co. 


and others. 

Now all of your Drake service 
information can be in one place and you 
won't have to worry about not having a 


System 
Requirements: 
Any computer with 
Adobe Acrobat Reader®. 
Performance will vary 
depending on speed of 
the computer, 


manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 


720-924-0171 or on the Internet: 
www.ERmag.com 
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Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and ie ues a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The color is slightly lighter than 
the cover of ER. $19.00 
delivered, $20.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


4 hours, $89.95 
2 hours, $89.95 
1 hour, $39.95 
1 hour, $39.95 
2 hours, $39.95 
2 hours, $89.95 
7 hours, $109.95 
2 hours, $49.95 
4 hours, $89.95 


Priority shipping within the US is $7.50 each for the first two 
DVDs, additional titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 
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WANTED: ARC-5 transmitter racks MT 
bo, s/t ley o.. oteve, K2DKT, 
skeller53@gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r @ gmail.com 


WANTED: Crystal Oscillator module (fits 
where clock goes) for Hammarlund HQ- 
180AX. Thanks. Byron W5FH, 
bjtatum1 @att.net or 936-545-2615 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, ng5t @tx.rr.com, 214-629- 
8759 


WANTED: PRESS WIRELESS, NY: 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm@optonline.net 631-360- 
9011 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted @x44.cc 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1iVJ, Hopkinton, RI 401-377-4912 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
rodperala@ aol.com 


WANTED for Mackay 3007-A receiver 
restoration: Schematic, parts list or any 
other documentation for this late ‘50’s 
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shipboard MF-HF receiver. Tom 


w2ila@cox.net 401-965-8730 


WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KAGNNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: R390, R3890A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956, 
glenn@dsmlabs.com 


WANTED: Vibroplex or other Bugs for 
Restoration. Email with condition/ 
images, KCQUNL, Curt Gidding, 
curtstamp @aol.com 217-359-4017 


WANTED: Knob, Black center with silver 
outer ring for Hallicrafters S76 513/451/ 


1096; Rhigley599@aol.com Thanks 
Roger w8crk 


WANTED: Looking for information from 
owners/users of the RCA AVT-112 light 
aircraft transmitter for follow-up to my 
AVR-20 ER article. Please contact me if 
you own or have experience with this 
transmitter. Phone me before 8:30PM 
Eastern time at 607-754-2848 — leave 
message and | will return your call, or 
email me at wa2ejt59 @stny.rr.com Thank 
you, Joe Long, WA2EuT. 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985” 


Licensed atleast 25 years ago and licensed today? 


|WISH 1 HAD \ 


Then you should join the 
READ THIS ao 3 


Quarter Century Wireless Association, Inc. 


To Join or Renew visit: 


PwAS TOO BUSY THEN WITH 
neem CQs" TO REALIZE THAT | WAS 
Bem PASSING UPA BET ami 

BY NOT TRAINING 
FOR A RADIO 
ENGINEERING J 
CAREER | 


eee, 


http /Aananw.qcwa.org/join-renew.php 


For more information please contact 
om@qcwa.org 


DESIGN BUILD: 20% HAVE FUN 


1S50V 


2.5 mH 
ZL = 7150 


The Art and Science 
of Building with 
Thermatrons 


Makes it all easy 


Available in the Electric Radio Bookstore! 
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Tubes, Tubes, Tubes 
for your next project! 


Electric Guru Parts House 
www.electricgurupartshouse.com 
Phone: 262-833-7999 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, WI 53126 


W7FG True Ladder Line and 


Wire Antennas 
* 600 Ohm Open-Wire Ladder Line 
¢ The most trusted, reliable, all-band 
doublet for 20 years. 
¢ Thousands in Use, Sold Worldwide 
¢ Use coupon code “ER” for 10% 
discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


JOIN THE AWA 


ANTIQUE WIRELESS ASSOCIATION 
PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 

e Sponsors the unique, world famous Antique Wireless Museum 

e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 
Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


aAlicratiers 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rd, 
Pennsburg, PA 18073, 215-541-1099 
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NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP@ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan@gmail.com 
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_ C RADIO BACK ISSUES— 
All Electric Radio back issues are either from the original press run or lithographic reprints 
from the original negatives. Shipping prices are for delivery by media mail within the USA. 


Overseas, please inquire for shipping quotes. 
The NE sy to use on-line search for back articles is at 


https://www.ermag.com/index/ 


¢ We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at a discounted price plus $24.00 shipping, at least a 
56% discount the over single-issue price. Please call for a quote on all of the number 
of remaining back issues while they are still available. 

e Single Issues: $4.00 Each, Postpaid 

e 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

© Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

¢ Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 
All of the Collins compendiums are produced in nice 3-ring binders. 
UPDATED MAY 2019! Collins 75A-4 Modification and Service Compendium: All the factory 
service bulletins from Collins Radio Co., Collins Addendum info not in the Service Bulletins, and 
new articles never published in Electric Radio. Plus all the articles printed in CQ, Ham Radio, QST 
and ER over the last 45 years, now 159 pages, many in color. 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biogra- 
phy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 


AdVertiSing.-----------------------------------2------- oon nnn nn nnn anne nnn nent cenncenne ns $25.95 - 10% = $23.35 
Volume 1 of Crystal Clear by Maurice Siever-:------------------------------=aa----====---==-$29,95 - 10% - $26.90 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 
related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ------------------------------------------- $32.95 - 10% = $29.65 


Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 


with many illustrations in full color.-------------------------------------------------------- $36.00 - 10% = $32.50 
PPAGCUCOUEOCIO FREDAIL, VOLUME 1°. ..ccsnctseccecdsccncccasenssonecssnsenesecdnsearsoeneenansectersseckqupedsecenesas $26.95 
ICOM TACO MEDGIT, VOLUME 2s vrsctsaccreareccesssensconnnsenseweacosnudeeqnessasassesisesdopessesenccsnscnencan $26.95 


The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos. 
wane nn enna nen nnn nn nnnnnnnnennnanennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnannnannnanmnnnnnnnnnn G25, 95-10% = $22.45 


Tube Tube Ty pe Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ..............0005 $26.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis --------------------------------- 77-7 -- 20-220 $29.95-10% = $26.95 
Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
inforMatiVe.------------------------------------- nano nn nn nnn nnn nnn nnn enn nnn nnn nnn nnn nnn nnn nnnnnnnnnnnnannannanannnnns $26.95-10% = $24.25 
Shortwave Receivers Past & Present: This is Fred Osterman’s long-awaited 4th 
edition, 2nd printing, a hardbound, heavy, 800-page masterpiece, more like an ency- 
clopedia than a mere handbook! Sure to become a classic volume, it contains info on 
over 1,700 receivers from 1942 to 2013, when the book was completed. Includes 
many hard-to-find details about European equipment.--------- $49.95 

The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 
and Poles, mentioning radio communications of the day.\+----------------------= 992 ---cnn senna non oeonansnnnnnn= $13.50 


p> Tube Lore IJ: Ludwell Sibley has released the updated version of his long out-of-print valuable 


reference book on electron tubes. It is now 288 pages and includes a data 


Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
Ne ee ee aaa tat atetatatatatatatatatalatatatalalatatalatatatalaiaiaiaiaiatala $29.95-10% = $26.95 
Vintage Anthology, Revised Edition: by Dave Ishmael (WA6VVL) is currently out-of-stock, but we are 
working on reprinting them. They should be again available soon! 


Ordering Information: 
Books are usually sent by USPS Media Mail 
Shortwave Receivers Past and Present, Hollow State Design, Tube Lore Il, and 
Tube Type Transmitters are very heavy and are shipped media mail for $7.00 


each. 


For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address. 
Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal, Call or Email for Details 
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Subscription Information 


Published Monthly | 
The monthly Electric Radio mailing date is posted at www.ermag.com. 
Rates within the US: oe 
Ist Class Rate: $47 (mailed in envelope) 
Periodicals Rate: $36 oe 


Rates outside the US, by airmail only: 
Canada : US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Friday — 
Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM 


email: Ray@ERmag.com 


Electric Radio 
Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel all- 
cotton style with an adjustable rear 
headband anda 3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 
Or On-Line: www.ERmag.com 
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WWW.HEILSOUND.COM 


Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
7/19 


W9ADJ 01/20 
James Beyer 
6213 Countryside Lane 
Madison W! 53705-1025 


READY TO DOWNSIZE 
YOUR ESTATE? 


Estate planning for your ham, antique radio or 
audio equipment can be difficult. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. 


We are a Midwest based online auction 
company with a global reach. 


Nationwide pickup services available. 


SCHULMAN 


AUCTION & REALTY, LLC 
ee 73, David Schulman, WDOERU 
HALLICRAFTERS SR-2000 HURRICANE 816-455-5520 or 913-568-3767 
SOLD FOR $2,255 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


